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Forev/ord 


IN  view  of  the  great  need  for  a  more  scientific  knowledge  of 
electricity  by  thousands  of  practical  men  of  limited  tech- 
nical education,  an  attempt  has  been  made  in  the  following 
pages  to  give  a  presentation  of  the  subject  which  will  be  easily 
understood  by  such  men,  and  at  the  same  time  cover  all  essen- 
tial principles  and  methods.  The  principles  usually  deduced 
by  higher  mathematics  are  here  made  clear  by  careful  explana- 
tion and  a  large  number  of  diagrams  drawn  especially  to  sup- 
plement and  elucidate  the  text.  Numerous  engravings  exem- 
plify modem  practice,  and  form  a  pictorial  index  to  the  latest 
and  best  methods  of  applying  electricity  to  lighting,  railways, 
power  transmission,  the  driving  of  machine  tools,  etc. 

C  The  Cyclopedia  of  Applied  Electricity  is  based  upon  the 
method  which  the  American  School  of  Correspondence  has  de- 
veloped and  successfully  used  for  many  years  in  teaching 
practical  electricians  the  scientific  principles  underlying  their 
work.  It  is  a  compilation  of  representative  Instruction  Papers 
of  the  School,  and  forms  a  simple,  practical,  concise,  and  con- 
venient reference  work  for  the  shop,  the  library,  the  school, 
and  the  home. 

41.  The  success  which  the  American  School  of  Correspondence 
has  attained  in  teaching  thousands  of  electricians,  is  in  itself 
the  best  possible  guarantee  for  the  present  work.  Therefore, 
while  these  volumes  are  a  marked  innovation  in  technical  litera- 
ture— representing  as  they  do  the  best  ideas  and  methods  of  a 
large  number  of  different  authors,  each  an  acknowledged 
authority  in  his  work    they  are  by  no  means  an  experiment. 


but  are  in  fact  based  on  what  has  proved  itself  to  be  the  most 
successful  method  yet  devised  for  the  education  of  the  busy 
working  man. 

C  Among  the  sections  of  especial  timeliness  are  those  on  Alter- 
nating-Current Machinery,  Storage  Batteries,  Electric  Wiring, 
Lighting,  etc.  In  these  pages  the  authors  have  succeeded  in 
presenting  the  subjects  in  such  manner  as  to  overcome  the 
hitherto  insurmountable  obstacle — higher  mathematics.  The 
rules  and  formulae  are  presented  in  a  very  simple  manner,  and 
special  effort  has  been  made  to  illustrate  every  principle  by  dia- 
grams, curves,  and  practical  examples. 

C  Numerous  examples  for  practice  are  inserted  at  intervals; 
these,  with  the  test  questions,  help  the  reader  to  fix  in  mind 
the  essential  points,  thus  combining  the  advantages  of  a  text- 
book with  those  of  a  reference  work. 

€L  Grateful  acknowledgment  is  due  to  the  corps  of  authors  and 
collaborators  who  have  prepared  the  many  sections  of  this 
work.  The  hearty  co-operation  of  these  men — engineers  of 
wide  practical  experience,  and  teachers  of  acknowledged  ability 
— has  alone  made  these  volumes  possible. 

€L  The  Cyclopedia  is  published  in  the  belief  that  it  will  meet  a 
real  need  among  designers,  constructors,  and  operators  of  elec- 
trical machinery.  That  it  may  save  many  weary  hours  of 
search  among  the  scattered  textbooks  and  reference  works  of 
the  day— books  which,  being  intended  largely  for  college-trained 
men,  are  necessarily  far  from  meeting  the  needs  of  the  average 
practical  man — is  the  hope  of  the  compilers  and  publishers. 
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TELEPHONY 

PART   I. 


Ti>  pwjkTly  understand  the  manner  in  which  sonncl  is  trans. 
niitttMl  from  one  end  of  an  eleetrie  eireuit  to  tlie  other,  it  will  l>e 
neeessary  to  tMitirely  jjet  rid  of  a  ]M»|)uhu'  idea,  and  to  tix  elearly  in 
mind,  at  the  outset,  the  prtKvsM  that  aetualiy  takes  ]daee.  The 
|Mi|inlar  idea  referreil  to  is,  that  the  sound  j>ro<hiee<l  iit  one  end  of 
a  eirenit  aetnally  travels  over  tiiat  eireuit,  in  order  to  Ik*  heartl  at 
the  otiier  end.  That  is  erroiu*ous;  in  reality  the  aetnal  sound 
produee<l  at  one  end  ot  th«i  eireuit,  nro|)erly  e<|ni|i|MMl  witli  teU«- 
plione  apparatus,  travels  no  farther  than  it  would  if  the  telephone 
ap|>aratns  were  not  ]»resent.  Wiiat  actually  takes  jilaee  is  a  pnn'eas 
eonformint;  to  the  hiw  of  Conservation  of  Knerijy.  It  may  U' 
deseriUnl  as  follows:  The  souiul  eiu'rjry  pr(Mliiee<l  in  the  j>resenee 
of  the  tele|>hone  apparatus  is  transfornie«l  hy  that  apj»aratus  into 
electric  enerijy,  whicli,  travelint^  to  the  distant  end  of  the  line,  is 
a^in  retransformed  by  the  distant  apparatus  into  sound  enertjy. 
The  sound  eru^rtjy  thus  rejirodnced,  InMntr  an  exact  counterpart  of 
theoriaiiml,  prtnluces  on  the  hnman  ear  the  same  effect,  and  there- 
fore can  not  l»e  distintruished  from  it. 

Nature  of  Sound.  St)und  may  l>est  be  defined  as  the  effect 
productni  on  the  ear  drum  by  wave  motions  in  the  air  jmrticles. 
Everyday  exjH*rience  olfers  many  proofs  of  this  statement.  If  a 
man  lie  observ»Kl  while  in  the  act  of  lian;Uierinfr  nails  into  a 
plank,  it  will  Ih»  found  that,  at  a  distance  of  about  ten  feet, 
the  instant  the  hammer  lu'ud  strikes  the  nail  a  sensation  is  pro- 
duced on  the  ear,  which  is  recoirnized  as  the  sound  of  the  impact. 
A  little  retlecti(ui  will  convince  the  observer  that,  althoucrh  sepa- 
ratetl  from  the  point  of  im|iact  by  ten  fe€»t,  the  residt  of  that 
im|)act  is  transmitted  in  some  manner  through  the  intervening 
spacu,  and  made  to  impress  the  ear  with  the  sense  of  sound.     lu 
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other  \rord8,  the  disturbance  caueed  at  the  stmire  of  the  sound  is 
carritHl  through  the  intervtMiinp  sjmce,  and  in  turn  affects  the 
auditory  nerves  in  such  a  manner  as  to  produce  sound.  If  nc 
int«TVfnin«;  objects  exist,  such  as  a  board  fence  or  house,  it  wih 
Ik*  found  that  the  sound  may  l)e  heard  with  equal  distinctness  at 
any  point  of  a  sphere  whose  radius  is  ten  feet  and  whose  center 
lies  at  tlie  iK)int  of  inij)act.  It  therefore  l)econies  establislied  tliat 
the  <iiHturhancc  caused  by  the  hammer  striking  the  nail  'm  trans- 
mitted with  eijual  intensity  ah)ng  all.  lines  radiating  from  the 
|>oint  of  impact. 

I.et  the  observer  walk  away  from  the  man  in  question,  con- 
tinuing, liowever,  to  keep  him  under  observation.     He  will  note 

that,  as  the  distance  increases 
])erceptibly,  the  sound  of  the 
blow  will  no  longer  occur  at  the 
same  instant  that  the  hammer 
is  seen  to  strike,  but  at  an  ap- 
precia])le  time  afterwards,  and 
this  interval  will  increase  with 
the  distance. 

For  a  comparison  between 
the  phenomenon  of  sound  which 
has  just  been  observed,  the  work- 
ings of  which  cannot  be  seen  with 
the  eye,  and  some  other  phenom- 
enon which  can  be  seen,  let  us 
consider  what  hapj)ens  when  a 
stone  is  thrown  into  a  jx)nd  whose  surface  is  unruffled.  Upon  the 
stone  entering  the  water  a  disturbance  is  ])roduced,  which  radiates 
in  waves  in  all  directions.  Any  objects,  such  as  chips  of  wood, 
that  may  be  floating  on  the  surface  are  agitated  as  the  wave  reaches 
them.  Those  nearest  the  point  where  the  stone  enters  the  water 
are  set  in  motion  sooner  than  those  more  remote.  In  fact,  the 
wave  can  l)e  observed  to  j)rogress  from  the  center  of  disturbance 
till  it  gradually  dies  out  or  strikes  the  shore. . 

From  these  simple  observations,  it  is  natural  to  imagine  that 
sound  consists  of  a  wave  motion  among  the  particles  of  air,  which 
motion  progresses  from  the  center  of  disturbance  along  the  radii 
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of  a  sphere.    Other  simple  experiments  will  In*  made  to  prove  tliat 
Houiiil  (loeH  really  ounsist  uf  wave  niotiuii  aiiiuiitr  air  particles. 

In  Fig.  1  let  A  be  a  table  upon  which  is  fastened  a  vice  B  in 
the  jawfl  of  which  a  tlat  piece  of  8t«vl  I)  iw  tightly  held.  If  the 
free  end  of  (^  be  drawn  to  one  side,  as  shown  at  (",  and  then 
allowetl  to  go  free,  the  elasticity  of  the  metal  will  cause  it  to  re- 
turn to  the  vertical  {K)sition,  beyond  which  the  kinetic  energy  due 
to  itft  motion  will  carry  it  to  the  other  side,  as  shown  at  ('".  From 
this  {losition  the  elasticity  will  again  cau»«e  it  to  return  to  the  ver- 
tical, beyond  which  the  kinetic  energy  will  again  carry  it  to  some 
])08ition  between  C  and  (".  The  elasticity  will  again  cause  it  to 
return  to  the  vertical.  Tliis  constantly  decreasing  motion  will 
continue  until  the  piece  of  steel  gradually  comes  to  rest.  It  is 
evident  that  the  {)articles  of  air, 
directly  surrounding  the  bar, 
will  Ik^  given  a  similar  motion 
t«»  that  of  the  steel.  If  the 
spring  is  made  to  move  rapidly 
enough,  a  sound  will  l>e  heard. 

lie ferring  again  to  the  piwe 
of  steel:  the  motion  of  its  end 
from  V  to  (''  and  back,  or  from 
C  to  C",  is  called  a  annplete 
vibration.  The  time  taken  to 
make  a  complete  vibration  is 
called  %  periiMl  of  vibration. 

To  prove  that  sounding  bodies  are  in  a  state  of  vibration  the 
following  experiment  is  useful:  In  Fig.  2,  let  A  be  a  glass  bell- 
shaped  jar,  and  B  a  fixed  steel  point  which  is  separated  from  the 
surface  of  the  Jar  by  a  very  small  space.  If  a  resined  violin  bow 
C  Ihj  drawn  across  the  edge  of  the  jar  till  it  emits  a  musical  note, 
a  series  of  taps  will  l)e  heard.  They  are  caused  by  the  glass  bell, 
in  its  vibration  striking  against  the  point.  If  a  pith  ball  D,  be 
BU8|)ended  so  as  to  rest  lightly  against  the  side  of  the  bell,  it  will 
be  violently  thrown  away  from  the  jar  when  a  musical  note  is 
emitted. 

If  a  glass  ]ilate  A,  Fig.  3,  be  secured  at  its  center  and  sup- 
ported on  a  table,  it  will,  upon  being  agitated  by  a  resined  bow, 
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emit  a  ninHieal  note.  Sup|K)8H  Rand  \)e  strewtnl  on  its  surface.  If 
the  plate  iH  agitated,  the  Hand  will  leave  certain  |K)rtionH  of  the 
plate  hare,  and  colltH-t  in  definite  lines  on  different  j)ortion8  of  the 
plat«'.  The  lineH  so  tKrupied  hy  the  sand  are  the  j)lace8  where  the 
different  waves  of  vihration  meet  to  form  lincM  of  reM. 

The  almve  e.xperiments  are  sufficient  to  prove  that  all  sound- 
int;  iMHlifs  are  in  a  state  of  vihration.  and  that  the  phenomenon  of 
sound  is  caused  by  this  vibration  Ix'inj^  carried  in  wave  motion  by 
ihe  a'f  particles  to  the  drum  Qf  the  ear,  and  thence  by  the  auditory 
nerves  to  the  center  of  sound  in  the  brain. 

The  student  must  not  sup[K)se  that  the  sense  of  sound  is  caused 
by  the  partich's  of  air,  in  actual  contact  with  the  soundinj^  hody, 
being  projectetl  against  the  ear  drum.     Such  is  not  the  case,  any 

more  than  that  the  remote 
chips  in  the  pond  are  set  in 
motion  by  the  jiarticles  of 
water  at  the  |»oint  where  the 
stone  enters.  What  actually 
happens  in  the  case  of  the 
}K)nd  is  that  the  particles  of 
water  Ikmuo;  thrown  aside  by 

the  stone,    set  up  by   means 

of  the  elasti<*ity  of  the  wa- 
ter a  vibratory  motion  in 
the  adjacent  particles.  These 
in  turn  set  uj)  the  same 
motion  in  those  adjoining. 
Successive  particles  are  thus  set  in  motion  by  their  neighbors, 
until  the  energy  dies  out,  or  until  particles  are  reached  which, 
l)eing  adjacent  to  the  shore,  have  no  fellows  to  which  to  transmit 
the  vibration.  The  particles  of  Mater  originally  set  in  motion  by 
the  stone,  continue  to  oscillate  with  a  decreasing  amplitude,  at  or 
very  near  their  original  lv)cality,  until  they  come  to  rest. 

.  Similarly  in  the  case  of  sound,  the  particles  of  air  adjacent  to 
the  disturbing  ImmIy  are  set  in  motion,  and  this  motion  is,  through 
the  elasticity  of  the  air  jMirtieles,  transmitt«'d  to  those  next  adja- 
cent. Tbii**'  in  turn  tmnsmit  it  to  their  lu'ighbors  until  the  motion 
di©«  out.     When  the  jjarticles  of  air  adjacent  to  the  ear  drums  are 
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rfet  in  niotioii,  tin*  seiisHtioti  of  wHind  ia  pntdnct^d.  'I'li.-  jarticlt-s 
didturlxHJ  reinuiii  in  their  orii^iuHl  liK'uliticH. 

Air  is  not  the  only  medium  that  will  transmit  sound.  Metal, 
wood,  water,  and  even  earth,  are  useful  in  this  re8|)ect.  But  for 
the  present  it  will  Ik*  sufficient  to  limit  the  discussion  to  sound 
transmission  throut;h  air. 

Ja^I  us  consider  a^in  the  experiment  of  thn)winga  stone  into 
a  pond.  If  the  stone  l>e  of  trom^  size,  such  as  is  used  in  street 
[Mivintr,  the  waves  causwl  therehy  will,  u|M>n  close  observation,  be 
found  to  he  of  different  sizes.  The  larcrest  wave  will  carry  upon 
its  surface  waves  of  less  and  less  magnitude,  down  to  the  size  of 
ripples. 

Nature  of  Sound  Waves.     The  waves  pnKiuced  in  water  are 
the  result  of   the  parti- 
cles of  water  being  dis-        a"aa'    _b M   M*  Mr 

turbed  in  a  vertical  di- 
rection, and  the  direct  ion 
of  wave  pro|>a(ration  is 
therefore  at  rijrht  antjles 
to  the  direction  of  the 
displacement  of  the  par- 
ticles.     In    the   case   of 


Fiff.  4. 


sound,  the  displacement  of  the  air  particles  is  in  the  same  direc- 
tion as  that  of  the  wave  projjatration.  The  displacement  of 
the  air  jwirticles  consists  of  an  oscillation  to  ami  frt)  in  the  direc- 
tion of  the  wave  projwgation.  These  oscillations  produce  alternate 
pulses  of  condensation  and  rarefaction,  which  constitute  the  sound 
wave. 

To  illustrate  more  fully,  supjKise  that  in  Fig.  4,  A  represents 
one  of  the  pmngs  of  a  tuning  fork  which  is  vibrating  in  front  of 
the  o|>tMi  end  of  a  tuln*  HH  filUnl  with  air.  As  the  prong  A  moves 
toward  the  |M)sitioii  A'  it  pushes  U'fore  it  the  ailjacent  jwrticles  of 
air,  which  in  turn  push  their  neighl>ors.  The  result  is  a  pulse  of 
compression  in  front  of  the  fork.  When  the  prong  .\  has  reachetl 
the  |K)sition  A',  it  momentarily  comes  to  rest,  and  consequently 
ceases  to  act  on  the  air  jwrticles.  The  jwrticles  of  air  beyond  are 
in  a  normal  condition,  because  the  ))ulse  of  compression  has  not 
yet  hiid  time  to  travel  any  appreciable  distance.     As  the  prong  of 
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the  fork  inovea  l>at'k  fn)iii  A'  to  A",  h  jwrtial  vacuum  is  formed, 
and  tlie  air  jmrtifles  Ix'^in  to  move  in  the  direction  of  the  fork, 
cauitin^  a  pulw  of  mrrfartion.  By  th<»  time  the  pron^r  has  reached 
the  |»onition  A"  and  apiin  comes  to  rest,  the  pulse  of  compression 
ha8  moved  to  Home  (K)int  as  M.  The  shaded  lies  denote  the 
j^reater  density  of  the  air  particles.  With  the  pulse  of  rarefaction 
Ihmii^  forniKi  at  the  fork,  the  air  particles  tend  to  rush  that  way. 
and  l»y  the  time  the  fork  has  a^ain  reached  the  position  A',  and  a 
second  pulse  of  compression  formed,  a  pulse  of  rarefaction  is  found 
at  M'  and  the  pulse  of  compression  has  moved  to  M".  Tliis  oscil- 
lation of  the  air  jmrticles  continues  in  unison  or  harmony  with  that 
of  the  prouf;  of  the  fork,  causing  successive  pulses  of  compression 
and  rarefaction  to  be  sent  through  the  air  in  the  tube.  The  dis- 
tance  l>etween  the  center  of  a  wave  of  compression  and  a  wave  of 
nirefaction  is  called  niw-holf  n  wave  hiufth,  while  the  distance 
l)etween  two  consecutive  waves  of  compression  is  called  a  whole 
mnw  hiHjth,  A  wave  length  nniy  l)e  defined  as  the  distance 
throucrh  which  the  pulse  has  travele<l  while  the  prong  of  the  tuning 
fork  has  made  one  complete  vibration,  during  which  time  each 
|»article  of  air  has  gone  through  one  complete  cycle  of  changes, 
Inith  as  regards  motion  and  density.  The  |)eriod  of  vibration  to 
each  |)article  is  thus  identical  with  the  periml  of  vibration  of  the 
prong  of  the  tuning  fork.  It  has  lieen  proven  by  exjieriraent 
that  the  rate  of  sound  traveling  in  air  is  1,000  feet  per  second. 
Now,  if  the  tuning  fork  vibrates  at  the  rate  of  485  complete  vibra- 
tions per  second,  the  period  will  be  ^^  second,  and  the  wave 
length  will  be  YsV  "^  ^  ^®^^  *"^  ^  inches,  which  is  the  wave 
length  in  air  for  this  note. 

Noise  and  Musical  Sound.  Thus  far  the  discussion  has  been 
concenuHl  only  with  sound  waves  of  uniform  length.  It  will  be 
necessary  at  this  point  to  inquire  more  specifically  into  the  nature 
and  construction  of  this  wave.  The  discussion  should  be  prefaced 
by  this  definition:  The  difference  between  noise  an<l  musical 
sound  lies  in  the  fre<juency  of  the  disturbance.  When  the  fre- 
quency  exceeds  10  imj>ulse8  per  second,  the  human  ear  is  not 
capable  of  distinguishing  the  separate  impulses,  but  recoo-nizes 
them  only  as  a  continuous  sound.  This  fact  may  be  illustrated 
by  a  piece  of  mechanism  shown  in   Fig.  5,  which  consists  of  a 
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toothtnl  wheel,  which  can  be  i^ide  to  revolve,  while  a  piece  of 
ear(nM)ani  in  tiriuly  held  in  tmch  a  {K>Hitiun  that  the  teeth  strike 
against  it  as  they  ])ass.  If  the  number  of  teeth  on  the  wheel  ie 
known,  the  nunilxT  of  revolutions  of  the  wheel  jK^r  second  multi- 
plied by  the  number  of  teeth  will  give  the  number  of  impulsea 
given  to  the  canl  in  the  same  time.  Rotating  the  wheel  slowly  at 
first,  the  separate  impiets  of  the  teeth  against  the  cardljoard  are 
plainly  discernable.  As  the  wheel  rotates  faster,  the  8e|)arate  ini* 
jMicts  iKH'ome  less  distinct,  until  when  the  number  reaches  10  per 
second  tlu*y  merge  into  one  another  and  Invome  a  musical  note. 
If  the  sihhmI  of  rotation  be  stejulily  increase<l  from  this  jKunt,  the 
musical  sound  l>ecome8  steadily  shriller,  until  it  Ix^comes  so  shrill, 


or,  in  other  words,  the  fre<juency  so  high,  that  the  ear  is  unable  to 
take  any  cognizance  of  it. 

Musical  sounds  can  Ik*  distinguislied  in  three  ways: 

LtHnlin'MH.  This  is  the  (juality  which,  regarde<l  subjectively, 
measures  the  intensity  with  which  a  musical  sound  affects  the 
au<litory  nerve.  This  (piality  dejiends,  for  sounds  of  the  same 
pitch  and  (]uality,  on  the  energy  of  the  vibration  of  the  air  parti- 
cles adjacent  to  the  ear  drum,  and  is  proportional  to  the  square  of 
the  amplitude. 

Pitch.  This  is  the  quality  which  distinguishes  an  acute 
sound  from  a  grave  one;  for  example,  a  treble  note  from  a  bass 
note.  Pitch  depends  UjK)n  the  fre<piency  of  vibration,  rising  as 
the  frequency  rises.  This  |H)int  is  illnstrate<l  by  means  of  the 
t(K)tluHl  wheel  and  the  card. 

Clitinirtt^r.  This  is  the  quality  which  distinguishes  lietween 
the  sound  of  the  human  voice  and  that  of  a  cornet;  or  between 
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that  of  a  violin  aiul  thnt  of  n  Freiu-li  horn.  The  terms  poor,  harsh, 
rich.  iiieUow,  jirt*  usetl  in  this  coniu'C'tion.  Tho  French  call  this 
quality  (hnhrt ;  while  the  (Jernians  use  the  term  Honiid  tint^  or 
Houmi  fftHfof. 

The  |H>int  U|M»n  which  the  character  of  a  sound  dej>ends  was 
made  a  sin-cial  study  hy  the  celehrated  (iernian  scientist,  Alex- 
ander Vou  Ilelniholz,  and  it  may  be  explained  as  follows:  The 
tirat  eBsential  characteristic  of  a  musical  note  is  that  each  vibration 
shall  l)e  exactly  like  its  successor.  In  other  words,  the  disturb- 
ance must  l)e  ]H*riodic.  It  has  l)eeu  shown  by  the  P>ench  mathe- 
matician, F«)urier,  that  any  j)eriodic  vibration  executed  in  one  line 
can  Ih'  definitely  resolve<l  into  simple  vibrations  of  which  one  has 
the  same  fre<juency  as  the  given  vibration,  and  the  others  have 
fre(pUMicies  2,  8,  4,  5,  etc.,  tiuies  as  great.  The  theorem  may  bo 
briefly  expressed  by  saying  that  every  periodic  vibration  consists 
of  a  fundamental  simple  vibration  and  its  harmonics.  As  a  result 
of  this  reasoning,  a  sound  wave  caused  by  a  musical  note  must 
always  Ihj  considered  as  consisting  of  one  simple  vibration,  corre- 
S]K)nding  in  frecjuency  to  the  j)itch  of  the  note,  and  several  other 
vibrations  whose  freijuencies  are  multij)les  of  the  first  or  funda- 
mental. This  |)oint  is  exceedingly  imj)ortant  and  should  be  clearly 
understiKxl.  Sj)eaking  in  the  language  of  the  musician,  the  funda- 
mental vibration  corresponding  to  the  pitch  of  any  note  is  called 
the  fmnlniiuiitol^  while  the  accompanying  vibrations  of  higher 
fre(|uency  are  called  the  o^ver-toncs.  Uelmholz  determined  that 
the  character  of  a  note  de|)ended  on  the  number  of  ovei'-tomx. 
The  vowel  siuinds  used  in  8j)eech  are  musical  tones  just  as  much 
as  those  used  in  singing,  only  they  are  not  sustained  as  lon</.  The 
laws  governing  their  pitch  intensity  and  character  are  therefore 
the  same  as  those  already  descril)ed.  To  sum  up,  then,  when  a 
(lerson  is  sijeaking,  the  surrounding  air  particles  are  agitated  within 
the  range  of  the  voice  by  a  j)eriodic  vibration  whose  frequency,  and 
therefore  wave  length,  corresjKjnds  to  the  j)itch.  Su[)erimposed 
ujKjn  this  vibration  are  others  whose  freipiencies  are  multiples  of 
the  first  and  their  wave  lengths  the  corresjwnding  fractions  of  the 
first. 

The  Nature  of  niectrlcity.  I'p  to  this  point  the  subject  of 
*ound  only  has  U-en  euiisidered.    The  (»bject  has  been  to  fix  clearlv 
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in  mind  the  fundamental  principlea  of  the  wave  theory.  The  ap- 
plication  will  lie  seen  when  the  action  of  the  wjund  waves  on  the 
teIe|ilionc  instriinient  is  considcriHl,  However,  it  will  now  be 
necessary  to  inquire  into  the  sul»ji*ct  of  the  jreneration  of  electric 
current.     Tlie  flow  of  current  in  any  circuit  is  given  by  Ohm's 

y 
law,  which  is  expresseil:   I  —  -r^  in  which  I  represents  the  current 

in  amj)eres.  E  the  E.  M.  F.  in  volts  acting  in  the  circuit  and 
II  the  resistance  of  the  circuit  expressed  in  ohms.  From  this 
('qnation  it  will  l>e  seen  that  to  have  a  flow  of  current  in  an  eUH?- 
tric  circuit,  an  K.  Af.  V.  or  difference  in  ])oteiitial  is  necessjiry. 
TlieVef(»re,  the  flrst  |)oint  to  l)e  consideretl  is  the  metluHl  of  gi'uer- 
atin^  this  E.  M.  F.  E.  M.  F.  may  Ik?  generatinl  in  three  ways: 
first,  by  chemical  action  In'tween  two  or  more  IkkHcs;  second,  by 
the  heatiiiij;  of  the  junction  point  of  two  dissimilar  metals;  third, 
by  the  movement  of  a  closed  circuit  in  a  maijrnetic  held.  For  com- 
mercial pur|K)ses  the  first  and  third  methods  only  are  common. 
The  second  metluxl  is  used  only  in  laboratory  experiments.  The 
ap{»iinitus  by  means  of  which  chemical  action  generates  electric 
current  is  called  a  battery.  A  ii^echanism  which  is  used  to  gen- 
erate  E.  M.  F.  by  moving  a  closed  circuit  in  a  magnetic  field  is 
calleil  a  dynamo  or  generator. 

liatteries  are  divide<l  into  two  classes,  Primary  and  Secondary. 
A  primary  Iwttery  may  be  defined  as  one  in  which  chemical  action 
takes  jilace  dire<'tly  to  pHnluce  the  E.  ^[.  F..  while  in  a  secondary 
battery  the  E.  M.  F.  is  pr{Kluct*d  by  the  chemical  action  set  up 
after  a  current  of  electricity  has  been  j)asse<l  through  tlie  cell  for 
some  time.  Secondary  batteries  are  commonly  called  storagt* 
batteries. 

Tliere  are  many  types  of  primary  batteries,  each  possessing 
|>cculiar  features.  In  telephone  practice,  however,  the  types  avail- 
able are  limited  to  a  few  that  meet  the  fR*culiar  conditions  re(|uired. 
They  are,  first,  the  (Tnivity  Battery;  second,  the  IxH'lanche  Battery; 
third,  the  Fuller  Battery;  fourth,  the  Edison-Inland  Battery;  fifth, 
some  forms  of  dry  Iwttery. 

Qravity  Battery,  in  all  forms  of  primary  battery  the  E.  M. 
F.  is  generated  by  chfmical  ;u*tion  taking  place  U'tween  two  dis- 
similar  iMnlies  called   the  i'ltiiuiitK^   which  are  surroun«liHl    by  a 
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liquid  called  the  electrolyte.  The  whole  is  encased  in  a  glass  jar. 
The  electrical  |K)tential  generated  in  the  cell  depends  on  the  nature 
of  the  substances  used  as  elements.  In  the  gravity  cell  the  ele> 
ments  consist  of  metallic  zinc  and  metallic  cop|)er,  and  the  electro- 
lyte  is  a  solution  of  copj)er  sulphate  in  water.  The  generation  of 
E.  M.  K.  is  attended  hy  certain  chemical  changes  which  take  place 
in  the  cell.  Tlie  oxygen  fn>m  the  water  attacks  the  zinc  element 
forming  an  oxide  of  zinc,  which  in  turn  combines  with  the  sul. 
phnric  acid  to  form  zinc  sulphate,  setting  free  the  hydrogen.  The 
hydrogen  thus  released  attacks  the  copper  sulphate,  dis])lacing 
the  copper  and  forming  sulphuric  acid,  and  depositing  the 
cop|>er  in  metallic  form.  The  newly  formed  sulphuric  acid  again 
attacks  the  oxide  of  zinc,  forming  additional  zinc  sulphate  and 

again  releasing  hydrogen,  which  in 
turn  displaces  metallic  copper  as  be- 
fore. As  a  result  of  this  chemical 
action  the  elements  remain  in  the 
form  of  metallic  zinc  and  metallic 
copper. 

Polarization.  By  the  term  polar- 
ization of  a  cell  is  meant  the  collect- 
ing of  bubbles  of  hydrogen  on  the 
cop[)er  or  negative  element.  These 
hydrogen  bubbles  have  an  E.  M.  F. 
opjK)site  to  that  set  up  by  the  zinc 
element,  and  as  a  result  the  two  E.  M. 
Fig.  6.  F.'s  of  the  cell,  that  due  to  the  poten- 

tial difference  bt^tween  the  zinc  and  the  cop])er,  and  that  duo  to 
the  {K)tential  difference  between  the  hydrogen  btibbles  and  the 
zinc,  are  oppose<l  to  each  other.  When  this  condition  exists,  the 
cell  is  said  to  Ije  polarized  and  the  current  ceases  to  flow.  Since 
the  hydrogen  gas  does  not  collect  on  the  copper  plate,  but  is  com- 
bined with  the  sulphate,  polarization  does  not  take  place  in  the 
gravity  cell. 

Fig.  <)  shows  a  cell  of  a  gravity  battery.  Here  the  glass  jar 
is  shown  at  A,  the  zinc  element  at  15,  and  the  copper  element  at 
C.  To  the  copjjer  element  is  riveted  an  insulated  wire  1),  while 
the  zinc  element  is  shaped  to  tit  firmly  over  the  top  of  the  jar  and 
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carries  on  its  up[)er  surface  a  hindinoj  [)08t  F.  The  copper  sulphate 
(blue  crystals)  is  j)laofd  in  the  jar  and  sutticieiit  water  ]K)urKl  in 
to  bring  the  level  just  above  the  up|)er  surface  of  the  zinc.  In 
setting  up  batteries  of  this  type  from  3  to  3A  pounds  of  copper 
sulphate  crj'stals  are  placed  in  the  bottom  of  the  jar  surrounding 
the  coy)per  element.  The  crystals  Khould  be  small  enough  to  [wss 
through  a  sieve  with  a  l|-ineh  mesh,  and  should  not  l>e  so  small 
as  to  pass  through  a  -j'^-inch  mesh.  The  water  is  then  poured  in 
until  the  zinc  element  is  submergetl.  The  l)attery  is  then  short- 
circuited  for  about  2-1:  hours.  This  short  circuiting  puts  the  cell 
into  action,  with  the  result  that  zinc  sulphate  is  formed.  This  zinc 
sulphate  solution  gathers  about  the  zinc  element  and  therefore 
forms  the  upper  third  of  the  electrolyte.  The  lower  two-thirds  of 
the  elec'trolyte  is  composed  of  copper  sulphate  solution  which  is 
indicated  by  a  deep  blue  color.  When  a  cell  of  this  type  is  in 
good  condition  a  distinct  line  separates  the  cop|)er  sulphate  solu- 
tion from  the  colorless  zinc  sulphate  solution  alK>ve.  As  the  liquid 
of  the  ct^l  eva|K)rates,  the  zinc  sulphate  is  dejK)sited  over  the  edge 
of  the  jar.  In  a  short  while  this  dejx)sit,  which  is  in  the  form  of 
white  crystals,  becomes  very  thick  and  reduces  the  efficiency  of  the 
cell.  To  prevent  this  a  layer  of  oil  about  ^  inch  deep  is  placed  on 
the  top  of  the  electrolyte.  This  oil,  by  preventing  evajwration, 
makes  it  im|)08sible  for  the  zinc  sulphate  crystals  to  be  deposited. 
The  E.  M.  F.  of  the  gravity  cell  is  1.070  volts,  and  the  internal 
resistance  varies  between  2  and  3  ohms,  depending  on  the  size 
of  the  plates,  their  nearness  together,  and  the  nature  of  the 
electrolyte. 

The  Leclanche  Cell.  In  this  form  of  battery  the  elements 
consist  of  zinc  and  carlK)n,  the  latter  being  encased  in  a  porous 
cup;  the  elei'trolyte  is  a  solution  of  chloride  of  ammonium,  com- 
monly known  as  sal-ammoniac.  The  action  in  this  cell  during  the 
passage  of  the  current  is  as  follows:  Tlie  chloride  of  ammonium 
is  decomposed,  the  chlorine  leaving  the  ammonia  and  hydrtigen  to 
unite  with  the  zinc  elements,  forming  chloride  of  zinc.  The  am- 
monia'is  dissolved  in  the  water.  The  hydrogen  enters  the  porous 
cup  and  would  soon  polarize  the  cell  by  collecting  on  the  carlK^n 
plate  were  not  some  provision  taken  to  prevent  this  action.  Closely 
packed  around  the  c&rbon  element  within  the  porous  cup  are  crjB. 
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lal«  of  jKToxiiltJof  niun«^iu*si',  wliicli  viild  up  ii  j»art  of  tlieir  oxygen, 
furiiiiiig  wattT  by  euiiiliiimtioit  with  the  hyiirugen.  The  peroxide 
is  thus  retluced  tt)  ii  Hescjiio-oxide  of  iiiMii(;anese.  When  the  battery 
is  delivering  its  normal  current,  the  hydrogen  is  set  free  in  a 
slightly  larger  quantity  than  can  be  absorlnKi  by  the  manganese. 
Polarization,  therefore,  takes  j»lace,  although  very  slovt'ly;  it  be- 
comes noticeable  where  the  cell  has  been  in  use  for  a  very  long 
time,  and  then  (juickly  disaj»j)ears  uj»on  the  cell  being  cut  out  of 
service.  The  E.  M.  V.  of  this  type  of  cell  is  1.47  volt8,,and  its 
internal  resistance  is  about  1  ohm. 


Fif?-  T.  Fig.  8. 

In  Fig.  7  is  shown  a  Leclanche  cell,  the  jar  being  shown  at  A, 
the  zinc  at  Ii,  the  carbon  at  ('  and  the  porous  cup  at  D. 

Tljis  cell  is  being  rapidly  superseded  i>y  the  llayden  cell 
The  Fuller  Cell.  This  type  employes  for  its  elements  zinc 
and  carlK)n.  The  electrolyte  consists  of  a  solution  of  3  parts 
bichromate  of  jxitash,  1  part  sulphuric  acid  and  1)  parts  water. 
Th6  zinc  is  placed  in  a  ]H>rous  cup  in  the,  bottom  of  which 
is  placed  about  2  ounces  of  niercui-y.  There  is  also  })laced  m  the 
porous  cup  a  solution  of  chloride  of  sodium  in  water,  of  suflicient 
depth  to  completely  cover  the  zinc.  The  mercury  in  the  porous 
cup  is  to  keep  the  zinc  thoroughly  amalgamated,  or  coated  with  a 
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hiyrr  of  iiHMVui  V.  If  this  were  not  done  the  itnpurities  which  are 
ahvjiys  j»rt's«'nt,  even  in  the  lM*Kt  zine,  would,  with  dihite  acid,  set 
nj)  cheniicHl  uctiiwi  in  tlie  zinc,  thereby  cjiusiiiir  it  to  wastt*  away, 
ihns  reducin*^  the  etiiciency  of  the  cell.  The  hichroniate  of  |K)ta8h 
is  a  combination  of  oxygen  and  the  metals  chromium  and  jK>ta8- 
sinni.  AVhen  the  circuit  of  tlm  cell  is  coniplctiH]  and  the  curn-nt 
Hows,  the  Huljihuric  aicid  which  j>asscs  throuj^h  the  |H)rous  cuji 
attacks  the  zinc,  forming;  zinc  sulphate  and  settinj^  free  the  liydro- 
«^en.  This  hydroiren  combines  with  the  oxygen  of  the  bichromate 
of  j»otash,  thus  preventinji;  |K)hirization. 

The  K.  ;\r.  F.  of  the  Fuller  Cell  is  2.028  volts,  and  its  internal 
resistance  al)out  .5  ohm.  Tlie  Fuller  battery  is  shown  in  Fi^.  8. 
The  ]>or()Us  cup  A  is  shown  inside  of  the  ^lass  jar  Ji;  the  carl>on 
('  is  e(jnip|MMl  at  the  top  with  a  bindinjr  ]»ost  J).  Th»»  zinc  is 
shown  d(>tte<l  inside  of  the  ]K»rous  cup  and  is  also  shown  separately 
at  K.  ()  is  a  form  of  connei'tor  used  with  this  ty|K!  of  cell  on  the 
/.inc  eh'Mient;  ont»  en<l  is  fastene(l  to  the  wire  attached  to  tli(^  zinc 
and  theothiTcnd  holds  the  wire  from  the  circuit.  Tin-  fuo  tiiunib 
screws  insure  mnMl  contact. 

f:disun*Lalandc  Cell.  The  «lements  of  this  cell  are  zinc  and 
copjK'r  oxide,  an«l  the  electrolyte  is  oxi<le  of  ])otassium  (U*  caustic 
jM>tash  <lissolvi'<l  in  water.  Polarization  is  j)reventi*<l  by  thedecom- 
]M>sition  of  the  water  of  the  solution,  which  results  in  the  oxytren 
combining  with  the  zinc  to  form  zinc  oxide.  This  zinc  oxide  com- 
bines with  the  |K>ta8h  to  form  a  soluble  double  salt  of  zinc  and 
]K)tash.  The  hydrogen  of  the  water  combines  with  the  oxygen  of 
the  copjier  oxide  to  form  water  and  deposit  metallic  copj)er.  The 
copjRT  oxide  used  in  this  ty|)eof  cell  is  formed  by  roasting  copper 
8craj»s,  ground  finely  an«l  formed  into  blocks.  As  in  the  case  of 
the  gravity  battery,  a  layer  of  oil  is  jdacetl  U|K)n  the  top  of  the 
solution,  to  j)revent  eva|)oration  and  the  formation  of  '"  creeping 
salts."  It  also  prevents  the  formation  of  carbon  dioxide  with  the 
potassium  solution.  In  order  to  jirmluce  a  minimum  internal 
resistance,  a  film  of  metallic  cop{H*r  is  ]>laced  on  the  cop|)er  oxide 
U'fore  the  battery  is  put  into  use. 

The  K.  M.  F.  of  the  cell  is  about  .'.»^  volt  at  starting,  but  falls 
to  .75  V(dt  after  the  cell  has  In-en  running  for  a  short  time.  The 
internal  resistance,  however,  is  very  low,  being  alK)Ut  .025  ohm  for 
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the  largest  cell8.     This  type,  ow'infr  to  its  low  internal  resistance, 
is  esfiecially  adapted  to  the  production  of  strong  currents. 

Dry  Battery.  This  typt»  is  made  in  several  styles,  all  of  which 
use  zinc  and  carlx)n  for  their  element-s.  "NVliilo  the  term  "  dry  "  is 
applietl  to  this  cell,  the  ajjplication  of  the  term  is  not  strictly  cor- 
rect. However,  the  electrolyte  is  so  prepared  that  it  cannot  be 
spilled  ont  of  the  jar,  thus  makincr  it  especially  adapted  for  port- 
able use.  Tlie  two  typical  forms  of  this  cell  are  the  Burnley  and 
the  (lassner.     In  both  these  types  the  glass  jar  is"  replaced  by  a 
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Fig.  9. 


Fig.  10. 


zinc  cup,  which  serves  the  double  purpose  of  being  the  retaining 
cup  and  the  positive  element. 

Burnley  Cell.  Here  the  carbon  element  is  in  the  form  of  a 
solid  cylinder  A,  Fig.  0,  which  is  provided  with  the  usual  binding 
post  B.  Inside  of  the  zinc  cup  is  the  electrolyte  C,  which  is  com- 
posed of  1  part  sal-ammoniac,  1  part  chloride  of  zinc,  3  parts  plas- 
ter,  87  parts  flour  and  2  parts  water.  This  compound,  when 
mixed,  is  a  semi-liquid  mass  which  quickly  .stiffens  after  being 
poured  into  the  cup.  The  depolarizing  agent  D  is  peroxide  of 
manganese,  the  same  as  used  in  the  T^clanche  cell,  and  is  packed 
around  the  carbon  cylinder.  The  top  of  the  cell  is  sealed  with 
Vitumen  E  or  its  ecjuivalent.    The  binding  post  F  is  fastened  to  ih^ 
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zinc  cup.  It  will  Iw  seen  tlmt  the  cell  is  proof  against  spilling. 
The  E.  M.  F.  of  this  cell  is  l.-A  volts,  while  the  internal  resistance 
is  about  1  ohm. 

Qassner  Cell.  This  ty[)e  is  shown  in  Fig.  10,  in  which  A 
represents  the  zinc  cup  with  its  attached  binding  post  B,  C  the 
negative  element  which  consists  of  carbon  and  manganese,  and 
carries  at  its  top  the  binding  post  D.  The  electrolyte,  shown  at 
E,  consists  of  the  following  mixture:  1  part  oxide  of  zinc,  1  part 
sal-ammoniac,  3  parts  plaster,  1  part  chloride  of  zinc  and  2  parts 
water.  No  special  depolarizing  agent  is  needed,  as  the  zinc  oxide 
tends  to  loosen  the  compound  and  make  it  porous,  thus  facilitating 
the  interchange  of  gases.     The  sealing  compound  is  shown  at  F. 


Fig.  11.  Fig.  12. 

Fig.  1 1  shows  the  general  appearance  of  a  dry  battery,  A  being 
the  zinc  cup  with  its  binding  ]>ost  B,  and  ('  the  end  of  the  carbon 
element  with  its  binding  post  D.  The  sealing  compound  is  shown 
at£. 

Wasteless  Zinc.  This  is  a  type  of  zinc  devised  for  use  with 
the  gravity  battery;  it  is  shown  in  Fig.  12.  Tlie  zinc  is  equipped 
on  the  upper  side  with  a  conical-sha|)ed  projection  A,  and  on  the 
under  side  with  a  similarly  8haj)ed  depression  B.  When  a  zinc 
has  become  so  far  eaten  away  as  to  be  useless  a  new  one  is  added, 
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and  tho  projwtion  on  tlie  old  one  is  litted  into  the  depression  in 
the  new  one,  bo  that  it  may  ronmln  in  use  until  completely  con- 
sumed.    The  old  zinc  thus  fitttni  into  the  new  one  is  shown  at  C. 

The  general  apj)eurance  of  the  cell  is  shown  in  Fig.  13.  The 
new  zinc  A  is  fastened  to  the'supporting  clamp  B  which  rests 
uj)on  the  edges  of  the  jar.  The  old  zinc  is  shown  at  C  By  the 
use  of  this  ty|)e  of  zinc  and  the  gaining  of  greater  zinc  surface  the 
internal  resistance  of  the  cell  is  reduced  to  .7  ohm. 

Secondary  or  Storage  Batteries.  Thus  far  the  only  types  of 
batteries  discussetl  are  tjjose  whieli  j)r()duce  an  E.  M.  F.  from  the 


Fig.  13.  Fig.  14. 

chemical  changes  which  go  on  within  the  cell.  A  different  type 
of  cell  must  now  be  considered.  In  this  type  a  current  of  elec- 
tricity is  lirst  used  to  produce  certain  chemical  changes  and  store 
up  certain  chemical  attinities.  These  chemical  athnities  are  then 
allowed  to  act,  and  in  so  doing  ]>r{Kluce  an  E.  M.  F.  This  type  of 
cell  is  called  a  Storage  or  Secondary  cell. 

The  most  simple  type  of  storage  battery,  and  at  the  same  time 
the  type  most  suited  to  illustrate  the  principle  upon  which  it 
works,  is  the  one  in  which  a  current  of  electricity  is  made  to  pass 
through  water.  The  action  of  the  current  is  to  decompose  the 
water  into  its  constituent  elements  hydrogen  and  oxygen.  The 
hj'drogen  is  collecteid  on  the  negative  pole  and  the  oxygen  on  the 
|)08itive.  In  Fig.  14  is  shown  a  tank  A  containing  water.  The 
two  terminals  of  an  electric  circuit  are  introduced  into  the  tubes 
I)  and  E  at  B  and  C.     When  the  current  passes,  the  water  is 
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tJi'coiujKJsed;  liytlrocrtMi  is  «-«)lltvir«l  in  ilu*  uj»ri}^lit  arm  1)  »>!'  tin- 
IuIh',  while  oxyt^eii  Ik  i-nllerttMi  in  tlu*  arm  E.  If,  after  tlie  water 
has  been  decoiiijK>8etl,  the  stmree  of  current  is  removed  and  the  two 
terminals  or  elec'trmles  F  and  (i  eonneetetl,  the  gases  in  nnitino;  to 
again  form  water  will  generate  an  electric  current.  AVhile  this 
form  of  storage  battery  is  useful  for  illustrative  purposes,  it  is 
useless  commercially. 

The  storage  battery  commonly  ustnl  today  consists  of  two  ele- 
ments of  lead  immersed  in  a  solution  of  sulj)huric  acid  and  water. 
In  the  early  form,  the  elements  consisted  of  thin  sheets  of  metallic 
lead.  When  a  current  of  electricity  passed  through  the  cell,  the 
water  in  the  sulphuric  acid  decom- 
posed and  the  oxygen  passed  to  the 
positive  plate  and  united  with  the 
metallic  lead  to  form  on  its  surface  a 
red  j)ero.\ide  of  leutl.  The  hydrogen 
was  set  free  at  the  negative  plate. 
Tlie  charging  current  being  discon- 
tinned,  the  hydrogen  retaine<l  at  the 
negative  plate  will  be  rtnluced  on 
discharire,  and  unite  with  the  free  a", 
oxygen  held  by  the  jwsitive  plate. 
The  action  will  not  cease  when  this 
jK)int  is  reache<l,  but  the  lead  j)eroxide 
will  Ih'  attacked  on  the  positive  plate, 
and  the  metallic  lead  on  the  negative. 
The  forming  of  lead  peroxide  on  the  positive  plate  renders  its 
surface  8j)ongy  and  j)orous,  and,  presenting  more  surface,  renders 
it  ca|»able  of  forming  and  retaining  a  greater  amount  of  lead 
peroxide  upon  the  second  charge  than  upon  the  tirst.  Consequently 
this  tyjR'  of  cell  had  to  be  charged  and  discharged  several  times 
before  the  positive  plate  was  sufficiently  porous  to  bring  the  cell 
up  to  its  maximum  efficiency.  This  charging  and  discharging 
is  c&Wed  form  imj. 

As  the  j)r(K.'ess  of  forming  necessitated  the  waste  of  a  great 
deal  of  current,  the  chloride  plate  was  introduced.  It  has  proved 
to  l>e  the  best  and  is  now  used  almost  universally.  It  is  con- 
structe*!   as  follows:     A  specially  prepared  "tablet"  is  made  by 
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rulliiig  into  Bpiral  form  u  strip  of  corru<pite<l  lead  j  inch  in  width; 
the  iii;eeof  the  HjiirHl  liein^  g  inch  in  diameter.  A  Mheet  of  metallic 
lead  Ih  mouldwi  under  preHHure  around  several  of  these  tablets,  the 
whole  presenting  an  apjK'anince  as  shown  in  Fig.  15,  where  A,  A', 
etc.,  represent  the  tablets  and  B  the  lead  plate.  Each  lead  ))late 
is  providwl  with  a  lug  (>  for  connecting  two  or  more  plates  and 
also  to  provide  a  terminal  for  the  circuit. 

The  term  "  chloride "  comes  from  the  fact  that  the  lead  is 
derived  from  lead  chloride,  but  no  chlorine  is  used  in  the  manu- 
facture of  the  battery.  In  general  the  tablets  for  the  positive 
plates  are  made  circular,  while  those  used  in  the  negative  plates 
are  square.  The  plates  intended  for  the  positive  element  are  im- 
mersed  in  8ulj)huric  acid,  through  which  a  current  is  passed  in  one 
direction  for  about  fifteen  days.  In  so  doing  the  lead  of  the  tab- 
lets  is  converted  into  lead  peroxide  or  active  material.  They  are 
then  ready  to  l>e  set  up  in  the  cell  with  the  negative  plates. 

There  are  two  distinct  chemical  actions  that  take  ])lace  in  the 
storage  baitery;  one  during  the  charge  and  the  other  during  d'.s- 
charge.  The  sulphuric  acid  acts  upon  the  lead  of  the  negative 
plate  to  form  lead  sulphate.  When  the  charging  current  is  passed, 
this  le^d  sulphate  is  broken  up  into  lead  peroxide,  PbO,.  This  is 
deposited  upon  the  positive  plrfle.  The  metallic  lead  is  formed  on 
the  negative  plate.  The  sulphate  is  liberated  into  the  electrolyte. 
Expressing  this  chemical  action  as  a  chemical  equation : 

2  Pb  S  O^  =  Pb  +  Pb  O,  +  2  S  O, 
which  means  tnat  the  lead  sulphate  is  broken  up  iuto  Pb  O,^,  lead 
peroxide,  Pb  lead  and  SO,  the  sulphate.     This  sulphate  com bi:  inc. 
with  the  water  (II,.  O)  forms  sulphuric  acid,  H,  OSOj,  or,  as  i.  .^ 
generally  written,  U   S(\. 

When  the  cell  is  discharged  the  reverse  action  takes  place,  ana 
one  atom  of  oxygen  leaves  the  lead  peroxide  to  unite  with  the 
hydrogen  of  sulphuric  acid  to  form  water.  The  suljiliate  in  the  elec- 
trolyte unites  with  the  lead  mouoxide  to  form  sulphate  of  lead  on  the 
negative  plate;  metallic  lead  is  converted  to  sulphate  on  the  positive. 
Pb  +  Pb  (),  +  2  H,  SO^  =  2  H,  O  +  2  Pb  SO, 

It  will  be  apparent  from  these  considerations  that  during 
charging  the  specific  gravity  of  the  solution  increases,  and  that 
while  discharging  the  reverse  takes  place.     The  resistance  of  the 
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I'lwtrolyte  varit»8  with  its  density  within  certain  limits,  cUtTeHsin^ 
as  thf  <l»'npity  incrfast'8.  The  density  of  the  electrolyte  is  very 
iMiportant  and  nhouhl  Ik*  watclunl  with  great  care.  It  is  measured 
hy  an  instnnuent  called  a  hydrometer. 

The  hydrometer  consists  of  a  glass  bulb  (A  Fig.  10)  al)out  1 
inch  in  dianu*ter.  To  this  bulb  is  attached  a  hollow  glass  stem  1> 
about  5  or  >>  inches  long.  A  (quantity  of  small  shot  is  place<l  in 
the  bottom  of  the  bulb,  sutticient  to  sink  it  to  the  desire<l  depth 
Ml  pure  water.  On  the  stem  is  a  graduated  scale  D  resembling 
.somewhat  that  of  a  thermometer.  The  height  at  which  the  instru- 
ment  Hoats  will  de|x*nd  on  the  density  of  the  liquid  in  which  it  is 
])laced.  On  a  scale  so  marked  that  the  point  at  which  it  Hoats  in 
j)ure  water  is  1,000,  the  density  of  the  storage  battery  solution 
would  be  1,200.  At  the  end  of  discharge  the  density  falls 
to  about  1,190. 

The  E.  M.  F.  of  a  cell  when  fully  charged  is  2.4 
volts.  In  discharging  it  should  never  be  alloweil  to  fall 
U'iow  1.'.)  volts.  The  average  voltage  is  about  2.1  volts. 
The  internal  resistance  of  this  class  of  cell  is  very  low, 
l»eing  about  .02  ohm. 

The  ca|)acity  of  a  storage  battery  is  rated  in  ampere- 
hours.  This  means  the  ability  to  deliver  a  certain  num- 
ber of  amperes  for  a  given  number  of  hours.  For  ex- 
ample,  if  a  cell  delivered  10  amperes  for  10  hours,  its 
capacity  would  be  10  X  10  ^=  100  ampere-hours.  This 
same  cell  would  deliver  1  ampere  for  100  hours. 

Another  property  which  a  storage  battery  possesses 
is  the  rate  ofcha)\/e  ami  rate  of  discharge.  This  is  meas-  ^8  lo- 
ured in  amperes.  The  battery  above  referred  to  has  a  rate  of  dis- 
charge of  10  amperes. 

On  account  of  the  losses  in  the  battery,  the  charging  rate 
should  always  exceed  the  rate  of  discharge  by  about  10  jK'r 
cent.  The  rate  of  discharge  should  never  be  exceetled,  as  in 
so  doing  the  battery  will  certainly  be  injured.  The  trouble  caused 
by  over-discharge  is  called  l>uckling,  and  means  a  l)ending  of  the 
positive  plates.  This  l)ending  is  destructive  in  two  ways:  tirst,  it 
loosens  the  lead  tablets;  and  second,  it  causes  short  circuits  by  the 
bent  plate  touching  the  one  next  adjacent.    When  a  plate  becomes 
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\)viut  it  must  Ik?  removed  from  the  cell  and  straightened  or  a  new 
one  snbstituttHl. 

Ill  setting  uj)  u  st()ragt*  l»attery,  the  plates  must  be  careful!}' 
(tuKt^MJ  In-fon*  tlu*y  are  jilaeed  in  the  jars,  care  being  taken  to  sepa- 
rat«  and  insulate  the  negative  from  the  jKJsitive  elements.  In  the 
8U»aller  tyjH'S,  the  plates  are  insulated  by  sheets  of  asbestos.  In 
the  larger  sizes,  the  insulation  is  secured  by  placing  glass  rods 
Iwtween   the  plates,  extending  from  the  top  to  the  bottom.     The 

plates  having  been  placed  in  the 
jar,  the  lugs  are  scra|)ed  clean,  and 
all  those  on  the  ])()sitive  ])lates 
ai'e  soldered  together,  as  are  those 
on  the  negative  ekMuents.  The 
solution  is  then  poured  in  and  the 
charge  begun  at  once.  The  utmost 
care  should  Ihi  taken  not  to  leave  the  elements  in  the  aeid  without 
imuKKliate  eharging,  otbcrwist^  sn]|)huting  will  takc^  ]>l:icc.  The 
first  chargi'  should  b«*  carrit'd  on  for  a  much  longer  time  tlian 
that  normally  ri'(jiiin'd;  for  example,  about  IS  or  20  hours  at 
tlie  normal  rate  for  an  S-Jiour  charge.  The  c»'ll  may  then  be 
(Iiseharge<l  at  the  normal  rat»^  until  the  voltage  falls  to  1.')  volts. 
It  should  then  receive  the  regular  charge,  after  which  it  is  ready 
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for  work. 

Arrangement  of  Cells  Into  Batteries.  There  are  two  ways 
of  grouping  cells  into  batteries:  first,  in  series;  second,  in  multiple. 
The  iirst   arrangement   gives 
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a  total  E.  M.  F.  equal  to  the 
sum  of  the  E.  M.  F's  of  each 
cell.  The  method  of  connect- 
ing cells  in  series  is  shown  in 

Fig.  17,  in  which  A,  A',  A", 

Fie   18 
etc.,  represent    a   number  of  *'* 

gravity  cells.  It  will  be  seen  that  the  zinc  element  B  of  the 
cell  A  is  connected  to  the  cop|)er  element  C'  of  the  cell  A',  while 
the  zinc  element  \V  of  the  cell  A"  is  connected  to  thecojiper  ele- 
ment ('"  of  the  cell  A".  This  method  is  continued  throughout; 
the  zinc  elenu'nt  of  the  last  cell  aiul  the  copper  element  of  the  first 
cell  being  connected  to  the  line  L.     At  this  point  it  will  be  well 
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to  remeiiiln'r  llmt  wliilo  tlu*  zinc  t'K'iiifnt  is  elwtro-jwsitive  to  the 
eo])per,  iiiiii  the  current  in  the  cell  jmsseu  from  one  to  the  other 
with  re8|)ect  to  the  circuit;  the  co|)|)er  element  is  the  positive 
terminal  and  the  zinc  the  neorative.     As  a  result,  the  current  flows 

from   the    cop|x*r    terminal    of       ^ I . 

the  first  cell  to  the  zinc  terminal 
of  the  last,  and  so  on  through 
each  cell  back  to  the  first. 

Fig.  IS  shows  the  method 
of  connecting  cells  in  jwirallel 
or  multiple.      Here  the  copjjer 


elements    C,  C,  C",  etc.,  of  the  ^^^-  ^^• 

cells  A,  A',  A",  etc.,  are  connected,  as  are  the  zinc  elements  B,  IJ',  B' , 
etc.  The  copper  terminal  and  the  zinc  terminal  of  cell  A  are  con- 
nected  to  the  line.  With  this  arrangement  the  effective  E.  M.  F. 
is  that  of  one  cell,  hut  the  current  giving  capacity  is  e<jual  ti»  that 
of  one  cell  multiplied  by  the  nu!ui>er  of  cells.  The  reason  is  that 
the  internal  resistance  of  the  whole  battery  is  equal  to  that  of  one 
cell  tlhidt'd  by  the  number  of  cells. 

We  have  already  learned  that  the  internal  resistance  decreases 
with  the  increase  in  the  area  of  the  elements.  It  is  evident  that 
under  these  conditions  this  area  is  e«jual  to  that  of  one  element 
multiplied  by  the  number  of  cells.  A  combination  of  these  two 
arrangements  can  be  obtained  by  connecting  groups  of  cells  in 
-         ..'■uAAu<r.      multiple,  each   «jrou|)  l)eintr  made 


■'syMp^^     up  of  a  number  of  cells  connected 
in  series,  as  shown  in  Fig.  li*. 

Magnetism.     So  far  the  j)ro- 
duction  of   E.  M.  F.   by   chemical 
^r^v*ii>y#*^>$fe^     action  has  been  considered.     Let 
Fig.  20.  us     now     investigate     the      third 

method  of  generating  E.  M.  F.  In  this  method  a  closed  circuit  is 
made  to  move  in  a  magnetic  field.  The  machine  constructed  to 
do  this  work  is  called  a  dynamo  or  generator.  Before  studying 
the  generator  it  is  well  to  know  something  of  magnetism  and  the 
magnetic  tield.  In  Fig.  20  is  shown  a  bar  magnet,  in  which  X 
and  S  rej)resent  the  north  and  south  poles,  respectively.  If  this 
mai^net  is  placxnl  u|K)n  r.  table  and  wjvered  with  a  thin  sluvt  of  jmjK-r, 
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tine  iron  filings  HhalceD  over  the  paper  will  arrange  themselves  in 
curvKl  lines  radiating  from  each  {)ole  as  shown.  It  will  also  be 
observed  that  the  tendency  of  the  filings  is  to  form  closed  curves 
connecting  the  two  poles.  The  Bj)ace  throughout  which  this  effect 
of  the  magnet  is  numifest  is  called  the  Jield,'  the  curves  which  the 
filings  tend  to  form  are  called  lines  oi force. 

It  is  a  well  known  fact  that  if  a  current  is  flowing  through  a 
conductor  AH,  Fig.  21,  it  will  he  surrounded  by  circular  lines  of 
force,  as  shown  at  (',  (",  (■",  '-y^-,->;-v-^x-v-.-,-v->(-.-v-.^, 

etc.'  These  lines  have  their  A  f  f  f  1 1  I )  TrA  )  f  I //■  '  <  B 
center   coincident    witli    the  ^->c^/.jo;-«./>-jr^^;.^...«>. 

axis  of  the  wire.     The  nuni-  Pig.  21. 

iK^r  of  these  lines  of  force  increases  with  the  strength  of  current 
flowing  through  the  wire.  If  instead  of  being  straight  the  wire  is 
wound  alK)ut  a  soft  iron  core,  the  strength  of  the  magnetic  field 
will  be  much  greater  for  a  given  strength  of  current  flow.  For 
a  given  kind  of  iron    core  the  amount  of  magnetization  is   the 

product  of  current  strength 


Fig.  22. 


and  the  number  of  turns 
divided  by  the  length  of  the 
iron  core.  If  the  iron  core 
be  extended  so  as  to  bring  the 
poles  close  together,  as  shown 
in  F'ig.  22,  the  amount  of 
magnetization  for  a  given 
current  strength  will  be  still 
greater.  Such  an  arrangement 
is  called  an  electro -macrnet. 
If  a  closed  conductor  be 
made  to  revolve  in  the  field 
of  this  magnet,  so  as  to  '  cut 
the  lines  of  force,  as  shown 
iit  .\,  an  F.  M.  F.  will  be  aeii- 
erHte<l  therein  un<l  a  current 


will  flow.  If,  again,  this  conductor  l)e  wound  in  many  turns  ai>out 
a  soft  iron  core,  the  amount  of  current  generated  will  be  greater 
for  a  given  slrength  of  field,  since  the  number  of  convoluticujs 
are  increased,  and  the   magnetic    resistance  is   decreased    by  the 


S8 


TELEPHONY 


25 


presence  of  the  soft  iron  armature.  Such  an  arrangement  is  called 
a  dynamo  or  generator.  Fig.  23  shows  the  diagram  of  a  dynamo. 
The  two  field  cores  are  shown  at  A  and  A',  the  yoke  at  B,  the  pole 
pieces  at  ('and  (", and  the  armature  at  I).  The  8|>aee  between 
the  surface  of  the  aniiature  ainl  the  |K)le  j)ieces  E  and  E'  is  callKl 
the  air  gap.  The  field  winding  is  shown  at  V  and  F',  while  the 
armature  coils  are  r»'prest'ntt'<l  l>y  (i.  H  and  } I' are  the  brushes 
which  serve  to  collect  the  current  from   the  armature. 

TheE.  M.F.gen- 
erateil  hy  a  dynamo  is 
representetl  hy  the  pro- 
duct of  the  strength  of 
Held,  the  number  of 
turns  on  half  of  the 
armature  and  the  sjkhmI 
in  turns  jier  second, 
AVhen  a  dynamo  deliv- 
ers  current,  the  effect- 
ive E.  ^[.  F.  is  rtnluceii 
som<>what  by  the  re- 
sistance of  the  arma- 
ture. AVhen  it  is  nec- 
essary to  provide  a  con- 
stant  potential  from 
o|>en  circuit  to  full 
load,  it  is  atlvisable  to. 
use  the  compound 
winding,  since  by  this 
means,  as  the  current 
output  increases  by  jMissing  thi'ough  the  series  coils,  it  assists  the 
shunt  coils,  increases  the  magnetic  density  and;  tends  to  keep  the 
E.  M.  F.  constant.  • 

A  dynamotor  is  a  combination  of  a  dynamo  and  motor  on 
one  shaft.  This  machine  can  l)e  constructed  so  tiiat  the  dynamo 
and  motor  have  inde{)endent  fields  and  armatures  mounteii  on  the 
sHmr<  shaft;  or  in  small  machines  one  field  and  one  armature  is 
provideil,  and  on  the  arnniture  are  two  windings,  one  of  which  is 
usiHi  for  the  motor  and  the  other  for  the  dynamo.     The  commu- 
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tatorof  one  windinjr  is  at  one  end  of  the  shaft,   and   that  of  the 
other  \vnidin<r  is  at  the  otlier  end. 

Alternating  Current.  So  far,  the  generation  of  current  flow- 
injj  under  a  constant  E.  M.  F.  has  been  considered.  Let  us  now 
consider  the  How  of  current  under  a  varying  E.  M.  F.     This  force 


s 
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Fiff.  24. 
m;iV  \;iiv  in  many  ways:  it  may  start  with  a  certain  maxinnmi 
vahu'  and  iU*crt'ase  to  zero,  or  its  variations  may  ho  irroguhir  and 
according  to  no  law.  The  two  classes  of  variahle  current  to  he 
considered  here  are:-  one  in  which  the  direction  of  the  E.  ]^I.  F.  is 
|K'rio<lically  reversed;  and  one  in  which  the  E,  M.  F.  is  interrupted, 
hut  always  in  the  same  direction.  Tn  the  first  case,  the  E.  M.  F. 
rises  from  zero,  attains  a  maximum  in  one  direction,  decreases  to 
zero  again,  and  gradually  increases  to  a  maximum  in  the  oj)jK)sito 
direction.  This  is  called  an  alternatinij  E.  M.  F.,  and  the  curriMit 
riowing  under  its  impulse  is  termed  an  alternating  current.  The 
sirond  kind  of  variahle  E,  M.  F.  will  he  discussed  later.  "With  an 
alternating  E.  M.  F.  a  thorough  knowledge  of  the  law  of  the  varia- 
tion is  necessary. 

Alternating  current  used  for  commercial  purposes  varies 
according  to  the  law  of  sines.  This  is  illustrated  by  F^ig.  2-4. 
SupjMKse  the  circle  i\[  is  described  by  the  radius  li  which  rotates 
around  the  center  (),  in  the  direction  shown  by  the  arrow  head, 
and  from  its  extremity  lines  are  drawn  perpendicular  to  the  hori- 
zontal line  Jlir  as  IS.  The  length  of  these  lines  will  follow  the 
law  of  sines;  that  is,  for  any  position  of  the  radius  the  length  of 
tli^  line  drop|)e<l  from  its  extremity  perpendicular  to  HH'  is  pro- 
]K)rtional  to  the  sine  of  the  angle  that  the  radius  makes  with  HH'. 
Starting  with  R  coincident  with  OIF,  the  length  of  S  is  zero.  As 
the  angle  l»etween  R  and  OH'  increases,  the  length  of  S  increases 
until  it  I'ljuals  R  for  an  angle  of  tM)'.  As  the  angle  still  further 
incrcaises,  the  length   of  S  decreases,  until  at  an  angle  ecjual   to 
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180",  S  is  zero  a^in.  As  R  rotates  Ijelow  IIH',  S  ai^iii  increases 
ill  leiii^th,  until. at  an  an^le  e(]ual  to  270  ,  S  again  equals  R.  It 
then  deiMvases,  reach int;  zero  atfain  for  an  ariMe  of  300\or\vhen 
Khas  completed  its  revolution.  Un  the  horizontal  line  1  —  l.'^e<|ual 
distances,  such  as  1 — 2,  2 — 3,  3 — 4,  etc.,  are  measured  off  e(jual  to 
the  angle  made  by  R  and  IIH'  in  successive  units  of  time.  From 
these  |K>int8  ordinates  are  erecttnl  which  are  equal  in  length  to  S 
for  the  corivs|)oiuliiig  angle;  a  line  joining  the  extremities  of  these 
lines  will  l)e  a  sine  curve.  It  will  Ije  seen  that  this  curve  rises 
from  zero  at  1  to  a  maximum  at  4,  correHjK)nding  to  a  rotation  of 
*.MI  for  U;  it  then  dtn-reases  to  zero  at  ISO  .  From  this  point  it 
again  increases  (hut  in  the  op|»osite  direction) toa  niHximum  at  10, 
corresponding  to  a  rotation  of  27(r,  and  again  (lecn'ases  to  zero  at 
IM,  corresiMJuding  toa  rotation  of  3r>0 ',  The  (Mirrmt  ini|M'Ile4l  l»y 
this  K,  M.  F.  will  also  follow  the  siiie  law.  and  will  v;iiv  in  llu- 
same  manner. 

The  Induction  Coil  is  tlesi^iieii  to  clian^v  a  variul>Ie  into  an  ailer- 
natin;;  iMirreMt.  Wlienever  tliere  is  a  t'hanjre  in  a  iiiaurietic  (ieM,  sur- 
roiiiuleti  Ity  a  closetl  coil,  tliere  will  he  a  current  in«liiee<l  in  this  coil.  If 
there  nre  two  coils  woun<l  around  an  iron  core,  and  a  variable  current  in 
passed  through  ttne,  the  niaKUetie strength  oT  the  iron  will  ehan^e  and  this 
will  induce  an  eleetronioti\e  force  in  hoth  of  the  coils,  in  the  coil  carryinu 
tlif  impressed  current,  the  in)tential  will  he  in  a  «lirection  tending  to  cut 
otrthe  current.  Such  a  potential  is  due  to  self  induction,  and  is  etjiunion 
to  all  elei-tn>-nia^netH.  If  the  second  coil  is  closetl,  a  current  will  flow 
throu);h  it.  The  »<tren^th  of  the  potential  will  depend  up«>n  the  nundier 
of  turns  upon  this  coil  and  the  rate  of  chanj^e  of  the  nia>;uetic  strength 
of  the  core 

When  the  stx'ondary  is  o|)en,  the  counttir  electromotive  force  of 
the  primary  coil  is  at  its  greatest,  and  consequently  the  amount  of 
current  taken  is  a  minimum,  hut  when  the  secondary  is  closed  the 
action  in  this  coil  tends  to  neutralize  the  magnetic  field,  hence 
the  self  in<lnction  is  less  and  the  impres.stnl  current  is  greater. 
The  coil  which  carries  the  impressed  current  is  calleil  the  primary 
coil,  while  the  coil  within  which  a  current  is  induced  is  called  the 
secondar}'  coil. 

The  core  of  the  telephone  induction  coil  is  niaide  u|i  of  tine 
Norway  or  Swe«li.sh  iron  wire.  No.  IJO  to  N;>.  ^•l  H.  W.  (i.,  and 
carefully  annealed   to   prevent   hysteresis.     Each   wire  should  be 
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carefully  ox\(i\zod  in  order  to  form  a  resistance  or  partial  insnla- 
tion  between  the  individual  wires. 

As  the  current  for  talking  is  of  very  high  frequency,  it  fol- 
lows that  if  the  iron  is  at  all  sluggish  in  its  action,  the  transmis- 
sion will  1k)  distorted  so  that  sj)eech  will  not  be  heard  plainly.  As 
tile  core  of  a  coil  with  a  closwl  magnetic  circuit  is  more  sluggish 
than  one  with  an  open  magnetic  circuit,  and  as  a  core  composed  of 
a  largo  amount  of  iron  is  more  sluggish  tlian  one  with  a  small 
amount,  it  has  been  found  that  the  coil  with  a  straight  core  having 
the  lines  pass  through  the  air  to  complete  the  magnetic  circuit,  is 
letter  than  one  wherein  the  lines  of  force  are  wholly  confined  to 
an  iron  path,  and  that  the  diameter  of  the  core  need  not  be  more 
than  from  ^  to  -J  an  inch. 

The  size  and  number  of  turns  of  an  induction  coil  are  not 
determined  by  a  mathematical.de8ign,but  almost  wholly  by  experi- 
ment. A  coil  must  be  designed  for  the  instrument  with  which  it 
is  to  work,  and  for  the  service  it  is  expected  to  give.  Asa  general 
rule,  the  winds  of  both  of  the  coils  are  made  as  low  in  resistance  as 
is  consistent  with  a  proj)er  number  of  turns  and  a  reasonable  sized 
coil.  The  habit  of  judging  an  induction  coil  by  its  resistance  is 
wrong.  Thei*e  are  many  kinds  of  coils  in  use,  but  perhaps  an 
average  for  good  practice  is  of  the  following  dimensions  : 

Length  of  core  '6^  inches;  diameter  of  core -j^^  inch;  length 
of  winding  space  3  inches;  primary  400  turns  Ko.  22.  B.  &  S. 
gauge  silk-covered  cop{)er  wire;  secondary  2,000  tarns  No.  28 
13.  &  S.  gauge  silk-insulated  copper  wire. 

Historical.  Probably  the  first  mention  of  the  transmission 
of  spet^ch  to  a  distance  is  that  of  Robert  Hooke,  when  in  16(57  he 
descrilx'd  how,  by  the  aid  of  a  tightly  drawn  string,  he  could  trans- 
mit  sound  to  a  very  great  distance.  The  distance  over  which  he 
propagated  sound  is  not  mentioned;  but  those  who  are  familiar 
with  the  lover's  telephone,  to  which  Robert  Hooke's  apparatus  no 
doubt  bore  a  great  resemblance,  will  probably  limit  the  distance  to 
a  little  over  100  feet.  In  1808  Philip  Keis^  of  Friedrichsdorf, 
Ctermany,  invented  an  apparatus  which,  by  the  aid  of  the  electric 
current,  would  transmit  sound  to  a  distanct^.  He  called  it  the 
T'hplnni.  In  1870, patent  specifications  were  filed  simultaneously 
at  Washington  by  Alexander  Graham  Bell  and  Elisha  Grey,  and 
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Fig.  25. 


in  J^'ebruary  of  that  year  the  ]>atent  waa  ^rranted  to  Bell  by  the 
United  States  of  Anieriea  for  a  H{)eakin(r  telephone.  Tlie  questioD 
of  priority  Iwtween  these  two  inventors  was  made  the  subjeot 
of  a  law  suit,  which  ended  in  a  compromise;  one  company  buying 
out  the  patents  of  both. 

Tlie  1^11  telephone,  as  first 
made,  consisted  of  two  per- 
manent magnets,  of  the  form 
shown  at  A  and  A'  in  Fig.  25, 
to  each  of  which  was  attached 
u  harp  of  steel  hkIs,  B,  Jj',  B", 
etc.  Between  the  poles  of 
each  j)ermanent  magnet  was 
an  electro-macrnet  C  C';  one 
terminal  of  each  coil  beincf 
connected  together,  while  the 
other  terminals  were  grounded.  "Wlien  the  rods  of  the  harp  attached 
to  A  were  made  to  vibrate  the  magnetic  field  of  the  electro-magnet 
was  disturbed,  and  currents  were  thereby  induced  in  its  coil.  Tliese 
currents,  flowing  through  the  coil  of  the  second  magnet  caused  its 
field  to  fluctuate,  with  the  result  that  the  harp  attached  to  A'  was 
made  to  vibrate.  The  vibrations  of  the  second  harp  were  in  unison 
with  those  of  the  first,  and  the  amplitude  of  the  vibrations  of  the 
first,  determined  the  amj)litude  of  the  vibrations  of  the  second; 
because  the  strength  of  the  induced  currents  depended  U{X)n  the 
amplitude  of  the  vibrations  of  the  first  harp,  while  the  amplitude 
of  the  vibrations  of  the  second  harp  depended  upon  the  strength 
of  the  induced  currents.  "WTiile  this  instrument  was  useful  in 
proving  that  sound  could  be  produced  at  a  distance,  by  means  of 
the  electric  current,  it  was  useless  as  a  means  of  transmitting 
speech. 

Tlie  second  form  adopted  by  Bell  is  shown  in  Fig.  20.  In 
tliis  there  was  an  elei'tro- magnet  A  through  which  a  current  was 
ma«le  to  flow.  Attached  to  a  membrane  of  goldU^ater's  skin  B, 
was  a  ])iei'e  of  soft  iron  C  which  actetl  as  an  armature,  the  mem- 
brane  allowing  it  to  vibrate  in  front  of  the  iK>le  of  the  electro- 
magnet.  The  receiver  was  constructtil  as  shown  in  Fig.  27,  ii: 
which  A  represents  a  vertical  electro- magnet  encIoBed  iu  a  soft 
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Fig.  26. 


iron  litlx',  iiiMXi  the  t(>|>  of  wliicli  is  liiid  an  nniiatiire  B  of 
tliiii  slifft  iron.  The  traiisinittfi:  was  constructed  to  transmit  artic- 
ulate speech,  since  tlie  vibrations  of  the  soft-iron  armature  were 
in  unison  witli  tliose  of  the  membrane,  which  in  turn,  were  in 
unison  with  those  of  the  voice. 
The  receiver  also  was  caj)able  of 
giving  out  articulate  speech. 
In  this  form  of  apparatus  a  bat- 
tery of  cells  was  j)laced  in  the 
circuit  of  each  electro-magnet. 
The  instrument,  however, 
was  further  modified  into  the 
form  shown  in  Fig.  28.  It  con- 
aisted  of  a  permanent  magnet  of 
the  horse-shoe  type,  to  the  poles 
of  which  were  attached  two  coils  B  of  fine  wire.  The  thin  soft- 
iron  diaphragm  was  mounted  on  a  separate  block  as  shown  at  ('. 
Through  the  ojiposite  side  of  this  block  a  hole  was  bored,  and  a 
moiithpiece  D  fitted.  The  use  of  the  j)ermanent  magnet  rendered 
tlie  battery  unnecessary.  Thus  the  first  practical  telephone  Mas 
prjCKluced. 

The  next  step  in  the  change 
of  the  instrument  was  to  mount 
both  the  diaphragm  and  the  ])er- 
manent  magnet  in  the  same  case, 
so  that  the  whole  would  be  self- 
contained.  The  result  is  shown 
in  Fig.  29.  It  consisted  of  a 
shell  A,  usually  of  hard  rubber. 
This  shell  contained  a  cavity  M 
at  its  upper  end.  Through  the 
center  of  this  shell  a  periuanent 
magnet  F  was  held  in  place  by 
th6  screw  I  and  carried  at  its  upper  end  the,  coil  E  of  fine  wire. 
The  terminals  of  this  coil  were  brought  down  through  the  two  chan- 
nels Ci  and  (i'  to  tlie  two  binding  f)ost8  II  and  11'.  The  soft-iron 
diajdiragm  is  shown  at  M;  it  was  held  in  place  by  the  cap  JJ 
which    is   scoojH'd    out    to  form  a  mouthpiece.     It  will  be  seen 
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tliat  the  essential  jmrts  were  all  containtni  within  the  shell.     This 
iuHtrinnent  is  jjraetiually  the  same  as  the  reeeiver  in  use  to-day. 

The  |irinc'ij»le  UjKm  whieh  the  JJell  rwreiver  ojK*rates  deserves 
a  more  <Ietaile<l  description  than  has  yet  In'en  jriven.  In  Fi^.  Hi), 
A  and  A'  represent  two  ]>«'ll  tele|»hones  eonneete<l  hy  a  «^rounde<j 
cinMiit  ]j.     Sup|)ose  that  the  receiver  A  is  to  be  ustnl  to  transmit 
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sound  to  A'.     Tile  soimmI  waves  impincrinj^  upon   the  dia|)ra(rm  at 

A  cunsr  it  to  vibrate  in  unison,  wliicli  means  that  th«'  vibration  of 

the  diaplinij^m  consists  of  a  fundamental  and  ovt-rtones.     The  dia- 

idiramn  so  v i brat inV  causes  the  samc!  vibration 

in   thi^  strent^th  t)f  the   field  of  the  |H'rmaneut 

magnet;  this  causes   the  same  phenomenon  to 

occur  in  the  inductnl current  Howino;  through  its 

coil.     The  induced  current,  therefore,  consists, 

as  did  the  original  sound,  of  a  fundamental  and 

overtones.    This  is  equivalent  to  saying  that  the 

electrical  waves  of  induced  currents  consist  of  a 

wave,  equivalent   in  frequency  to  that  of  the 

fundamental  vibration,  and  su|)erim|X)sed  u|X)n 

this  wave  are  others  whose  j)eri(Kls  of  vii)mtion 

correspond  to  the  frequencies  of  the  overtones 

of    the  oriijinal  sound. 

These  electrical  waves  travel  over  the  wire 
an<l  reach  the  coil  on  the  |)ermanent  magnet  at 
A'.  Her»'  ft  reversi^  process  of  transformation 
takes  place;  then*  is  set  up  in  the  magru*t  a 
vibrating  magnet i7.at ion.  the  vibrations  consistingof  a  fundamental 
whose  fre<piency  corresjKJuds  to  that  of  the  fundamental  of  the  eU*c- 
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trlfal  wave,  and  tlierefore  that  of  the  original  sound;  while 8Uj)eriin- 
|)omh1  u)M>n  this  are  other  vibrations  whose  frequencies  correspond 
to  tlie  ovrrtoncH.  ThJH  HucttiHtiiif/  magnetic  field  scIh  up  an  i<lenti- 
cal  vihmtion  in  the  diajilira^Mi  A'  and  therefore  in  the  a<l jacent 
air  pjirlicles.  As  the  air  jmrticles  at  the  receiving  station  are  set 
in  tlie  same  vibration  as  those  at  the  transmitting  station,  the 
resulting  sound  is  identical.  As  a  matter  of  fact,  the  ohuiic  re- 
sistance of  the  line  reduces  the  amplitude  of  the  electrical  waves, 
so  tliat  the  resultant  sound  is  not  as  loud  as  the  original.  Addi- 
tional losses  take  place  at  every  transformation  from  sound  to 
magnetic,  and  from  magnetic  to  electrical  energy  and  the  reverse. 
These  losses  still  further  decrease  the  amplitude  of  the  sound  waves 
at  the  receiving  station,  and,  therefore,  the  loudness  of  the  sound. 
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Fig.  30. 

The  self  induction  of  the  line  and  its  static  capacity  tend  to  dis- 
tort the  form  of  the  electrical  wave  so  that  the  resultant  sound 
wave  is  not  identical  with  the  original.  These  points,  however, 
are  of  no  importance  in  the  present  discussion  and  will  be  treated 
later. 

Although  this  explanation  of  the  operation  of  the  telephone 
is  accepted  by  most  engineers  as  a  good  working  theory,  it  has  been 
rejected  by  some  scientists  on  the  ground  that  the  currents  induced 
in  the  coil  are  too  feeble  to  cause  a  vibration  of  the  diaphragm  as 
a  whole.  They  contend  that  the  induced  currents  in  the  coil  cause 
a  vibration  among  the  molecules  of  the  iron  core,  which  in  turn 
causes  a  vibration  among  the  molecules  of  the  diaphragm;  and  that 
it  is  these  molecular  vibrations  that  cause  the  sonorous  air  vibrations 
and  not  the  vibration  of  the  diaphragm  as  a  w-hole.  In  support  of 
this  theory  Ader  constructed  a  receiver  without  a  membrane;  and 
Antoine  Bregnet  replaced  the  thin  diaphragm  by  one  whose  thick- 
ness was  14  centimeters.     However,  whether  it  be  the  vibrations 
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of  tlir  (liii|ibra^iii  an  a -whole,  or  only  those  of  its  iiiol(M;uleM,  has  no 
direct  bfarina  on  the  theory  of  o|)enition  already  deserilnMl.  To 
show  the  extreme  sensitiveness  of  the  recreiver,  W.  H.  l*ree<re  made 
one  resjiond  to  a  current  which  was  .(MM)/XM),000,00O,(J  amjiere, 
which  is  e<^}uivalent  to  six  ten  thousand  millionths  of  a  milli. 
ampere. 

In  the  case  of  the  receiver,  it  might  be  thought  that  a  simple 
electromagnet  with  soft  iron  core  would  do  as  well  as  that  with  a 
|)enrianent  magnet.  To  1m*  sure,  such  a  magnet  would  work,  but  it 
would  not  be  as  sensitive  as  that  with  the  permanent  magnet.  It 
has  been  established  that  the  pull  of  a  magnet  upon  its  armature 
is  proportional  to  the  square  of  the  intensity  of  the  magnetic  force, 
liet  S  be  the  strength  of  the  j)ermanent  tield,  and  supjtose  the  change 
due  to  an  alternating  current  in  the  coil  amounts  to  ^,  that  is  the 
magnetic  intensity  is  alternately  increased  and  decreased  by  that 
amount,  so  that  at  one  time  the  intensity  is  S-f  a<,  and  at  another 
S — s.  The  change  in  the  stress  ujK)n  the  annature  will  theref«)re 
'vary  l)etween  (S-f«)^  and  (S — ^)-;  the  difference  would  then  Im*  4S^<. 
Now  should  there  be  no  jwrmanent  magnetism,  the  intensity  of  the 
force  would  vary  between  +«  and  — *,  or  a  difference  in  tractive 
effort  of  2(f\  If  S  is  larger  than  Sy  it  follows  that  4:S.v  must  Ije 
greater  than  2«*.  If  S=*r,  then  48*  is  twice  2**.  Now  as  S  is  always 
larger  than  #,  where  there  are  feeble  currents,  it  follows  that  a  re- 
ceiver is  more  sensitive  with  a  permanent  magnet  than  without. 

Should  the  change  in  magnetic  strength  be  greater  than  the 
strength  of  a  permanent  magnet,  there  would  be  danger  of  demag- 
netization. The  permanent  magnet  exerts  a  constant  pull  u|)on  the 
diaphragm  and  tends  therefore  to  prevent  the  diaphragm  from 
vibrating  at  its  natural  pitch,  thus  making  the  transmission  plainer 
and  the  articulation  better. 

It  will  be  observed  that  the  only  force  made  use  of  in  operat- 
ing  this  form  of  the  telephone  la  that  of  the  sound  waves  at  the 
originating  station.  This  force  is  very  small  and  the  resultant 
forces  are  therefore  of  a  like  magnitude.  It  became  obvious,  there- 
fore, that  a  mechanism  must  be  devised  to  make  use  of  some  greater 
force  than  that  of  the  sound  waves,  if  the  telephone  is  to  trans- 
mit speech  successfully  over  any  considerable  distance.  The  in« 
atrument  invented  io  perform  this  work  is  called  the  microphone 
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Microphone.  If  soiiu-  nurliaiiisin  nmld  ])v  dcvisecl  which 
would  viiiy  the  ciinviit  in  hjinuony  with  the  iiiidiilatiuiiB  of  tht- 
KoiiorouH  waves,  Hixl  thia  vary  in*;  current  could,  tliroiif^h  the  agency 
of  an  induction  coil,  induce  a  current  in  the  coil  of  the  receiving 
telephone,  the  prohleui  would  be  solved.  In  1877,  lulison  con- 
ceiveii  the  idea  of  utilizing  the  fact  that  the  resistance  of  carbon  to 
the  flow  of  the  electric  current,  depends  upon  the  ])ressure;  an  in- 
crease in  ]»res8ure  j>rotlucing  a  decrease  in  the  electric  resistance. 

The  first  carbon  transmitter  was  constructed  by  Edison  in 
1877,  and  its  present  form  is  that  shown  in  Fig.  31  in  which  A 
represents  an  ebonite  mouth  ])iece  and  B  a  vibrating  plate  secured 
firmly  to  the  frame  C.  At  D  is  shown  a  disc  of  prepared  carbon, 
about  the  size  of  a  shilling  which  can  be  adjusted  with  respect  to 
the  vibrating  ])late  by  means  of 
the  screw  E.  Placed  on  the 
up|»er  surface  of  the  carbon  but- 
ton, is  a  small  ])latinum  j)late 
with  a  rounded  ivory  button,  by 
means  of  which  the  vibrations 
of  the  plate  are  communicated  to 
the  carbon  disc.  There  are  two 
binding  ])osts  MM',  the  first  be- 
ing insulated  from  the  metallic 

frame  by  the  hard-rubber  busliinjj  !N.  Attached  to  the  l)indinfr 
j)ost  M  is  a  metallic  spring  S  which  bears  on  the  ]»eriphery  of  the 
insulated  ring  li.  'J'he  circuit  goes  from  ]\[  through  the  sj)iingS 
to  11  thence  to  the  ]ilatinum  plate  through  the  carbon  disc,  to  the 
screw,  to  the  frame  and  out  at  tlie  binding  post  M'. 

It  has  already  been  stated  that  it  was  necessary  to  make  use 
of  a  current  from  a  battery,  the  current  varying  in  strength  in 
harmony  with  the  sonorous  vibrations,  to  obtain  a  greater  amount 
of  energy  for  the  transmission  of  sound  than  is  contained  in  the 
original  sonorous  waves.  The  transmitter  Just  described  is  a 
mechanism  which  j)erform8  this  work.  As  the  sound  waves  im- 
pinge up<jn  the  diaphragm  it  vibrates  in  harmony  with  them  caus- 
ing a  vibratory  ])ressure  to  be  exerted  through  the  agency  of  the 
ivory  button  upon  the  carbon  disc.  This  vibratory  ])ressure  on 
the  carbon  causes  it  to  offer  a  vibratory  resistance  to  the  jmssage 
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of  a  current  of  elet'tru-iiv;  so  llmt  if  tlu*  ttTiniiiHlH  of  u  l»:ittiMV  nre 
connected  to  those  of  the  tninsuiitter,  a  vihnitory  or  |iulsntiM(; 
current  will  flow  throuj^h  the  eireuit;  an«l  the  vilirationa  of  this 
current  will  be  in  harmony  with  the  original  sonnil  waves.  It  will 
be  evident  tliat  the  sensitivent^s  of  this  instrument  de|»ends  on  the 
ratio  existing  between  the  variation  in  the  current  and  the  total 
value  of  the  current  flowing.  Tliis  ratio  in  turn  depends  on  the 
proportion  of  the  resistance  of  the  carbon  disc  to  the  total  resist- 
ance in  the  circuit. 

To  illustrate,  su])j)ose  that  the  resistance  of  the  carbon  disc 
is  10  ohms,  and  the  amplitude  of  the  variation  in  the  resistance 
is  5  ohms.  Sup[)ose  also  that  the  resistance  of  the  circuit  ex- 
clusive of  the  carlK)n  disc  is  5  ohms.  AVith  the  transmitter  in  its 
normal  condition  the  total  resistance  in  the  circuit  would  1h'  1.*» 
ohms;  and  if  a  battery  of  2  volts  l)e  used  the  amount  of  current 
flow  would  be  -j^g  ^=.183, 

If  the  resistance  of  the  carbon 
disc  18  now  decreased  to  5  ohms, 
the  total  resistance  of  the  circuit 
becomes  10  ohms, and  the  amount 
of  current  flow  is  ~^^=.2.  In 
other  wortls,  the  current  flow  has 
l)een  increased  from  .133  to  .2  or 

50  iK'r  ct^nt.     If  on    the  other 

1        1       -.1       II      .1  v.-  Fig.  32. 

hand  with  all   otlier  conditions 

remaining  unchancred,  the  resistance  of  the  circuit  exclusive  of  the 
carb(»n  disc  \hi  1(K)  ohms  the  total  resistance  of  the  cirenit  would 
vary  between  110  and  105  ohms,  and  the  current  flow  would  there- 
fore vary  l>etween  .OlSl  and  .019  or  5  per  cent. 

"WTien  the  transmitter  was  first  invented  it  was  to  be  con- 
nected directly  to  the  line  causing  the  exciting  current  to  flow  to 
the  other  station.  The  resistance  of  the  circuit  was  thus  added  to 
that  of  the  transmitter,  restricting  the  transmission  to  very  short 
distances  as  will  be  seen  from  the  above.  Edison  overcame  this 
difficulty  by  including  in  the  transmitter  circuit  the  primary  wind- 
ing of  an  induction  coil;  the  secondary  winding  being  connected 
to  the  line  as  shown  in  Fig.  32.  The  sensitiveness  of  the  trans- 
mitter therefore  became  independent  of  the  length  of  the  line. 
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Tlie  variable  current  of  tlie  transmitter  circuit  passing  through 
the  j»riinary  winding  of  the  induction  coil,  induces  in  its  secondary 
wimling  an  alternating  current  of  high  tension,  the  alternations 
Wing  in  harmony  with  the  original  sound  vibrations.  In  this 
manner  the  transmitter  can  be  successfully  used  for  very  long  lines. 
Hughes  Transmitter.  In  1878,  Professor  Hughes  devised  a 
transmitter  which  depended  upon  the  variation  in  resistance  of  a 
loose  contact.  This  instrument  was  tried  in  several  forms,  one  of 
which  is  shown  in  Fig.  33.  It  consisted  of  a  carbon  pencil  A 
terminating  at  a  point  at  each  end,  which  rested  in  circular  de- 
pressions in  two  carbon  blocks  13  B'.  These  blocks  were  fastened 
rigidly  to  a  thin  board  C  and  formed  the  terminals  of  the  circuit. 


Fig.  33. 

This  instrument  is  very  sensitive,  responding  to  the  slightest  vi. 
bration;  it  forms  the  basis  of  the  transmitter  of  to-day. 

The  Blake  Transmitter.  In  Fig.  34  is  shown  one  of  the  more 
recent  forms  of  the  transmitter,  that  tried  by  Blake.  This  instru- 
ment  is  mounted  in  a  wooden  box  shown  in  section  at  A  and  con- 
sists  of  an  iron  ring  having  two  projecting  pieces  B  and  B'.  Upon 
the  upper  projection  is  fastened  an  iron  angle  piece  C  by  means 
of  a  brass  sjjring  D.  The  lower  end  of  C  rests  against  the  adjust- 
ing screw  E.  Mounted  on  the  iron  ring  is  the  diaphraani  U 
which  consists  of  a  circular  iron  disc  surrounded  by  a  rubber  ring 
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II  stretclu'd  over  its  ]x*riphery.  It  is  held  in  position  by  two 
sprini^s  M  and  M',  Fi^.  35,  which  are  fixed  to  the  rin<r  A  and 
press  the  one  directly  Uj>on  the  rubber  ring  and  the  other  upon 
the  diaphratjin  itself.  At  the  upper  end  of  the  angle  piece  ('  are 
fixed  two  springs  F  and  (J,  Fig.  H4.  5Sj)ring  F  is  of  thin  flexible 
steel  aiul  has  at  its  free  eiul  a  platinum  eontact.  Tliis  free  end 
jtresses  against  the  ctMiter  of  the  diaphragm  and  the  carbon  disc  K 
is  pressed  against  it  by  means  of  the  sj)ring  (t  which  is  attached 
to  the  brass  ])late  holding  the  disc.  The  springs  F  and  (J  form 
the  terminals  of  the  circuit  which  passes  through  the  carbon  disc. 
\\y  means  of  the  adjusting  screw  E  the  pressure  of  the  carbon  disc 
against  the  diaphragm  can  he  varied.     The  two  springs  M  and  M' 


Fig.  35. 


are  to  keep  the  diaphragm  from  singing  or  to  make  it  ''dead  lH\it." 
This  form  of  transmitter  has  been  very  successful  in  the  past,  but 
has  been  superseded  by  others  which  will  be  described. 

Berliner  Transmitter.  A  form  of  transmitter  which  is  of  his- 
toric interest  is  the  Berliner  transmitter,  shown  in  Fig.  'Mk  It 
consists  of  a  wooden  box  A  litted  with  a  screw  cap  B.  On  the 
rim  of  A  is  fastened  a  brass  ring  C  to  which  is  clamj)e<.l  the  earlxjn 
diaphragm  D  consisting  of  a  carbon  plate  which  forms  one  elec- 
trode. The  carbon  block  E  forms  the  second  electrode,  and  haa 
in  its  lower  surface  three  concentric  grooves  This  bUx:k  is  held 
in  position  by  the  screw  F,  which  has  at  its  upper  end  a  micro- 
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meter  mit  G.  The  end  of  this  screw,  which  passes  through  the 
carlKin  block,  is  turned  down  to  receive  a  small  rubber  tube  11 
whose  e<lge  rests  on  the  carbon  plate  and  thus  damps  the  vibra- 
brutions  and  makes  it  dead  beat.  A  rintj  of  felt  O  whose  edt^e 
rests  oh  the  carbon  plate,  surrounds  the  carbon  block,  thus  forming 
a  closed  chamber,  which  is  tilled  with  carbon  granules.  A  cylin- 
drical shank  I  is  screwed  to  the  cover  B  and  to  this  a  mouth  piece 
J  is  attaclied.  The  advantaj^e  of  this  transmitter  is  that  the  dia- 
phragm  is  always  horizontal,  with  the  granules  lying  above  it. 
The  granules  are  thus  prevented  from  settling  down  when  the 
instrument  is  shaken.  It  is  a  very  efficient  transmitter  and  is 
used  largely  in  South  America. 

liunnings  Transmitter.  In 
this  transMiittt^r  granular  carlton 
is  used.  The  rece])tacle  contaiii- 
iiiiX  the  carbon  dust  is  held  in 
a  horizontal  position.  A  nu'tal 
]»late  insulated  from  the  frame, 
l)iit  touching  the  carbon,  forms 
one  of  the  electrodes,  while  the 
frame  forms-  the  other.  Al- 
though this  transmitter  is  very 
sensitive,  it  is  defective  on  ac- 
count of  the  carbon  granules 
packing  together.  In  this  con- 
dition the  mobility  of  the  parti- 
cles is  impaired,  and  the  trans- 
mitter rendered  useless. 

5olid'Back  Transmitter. 
The  great  disadvantage  of  the 
granular  carbon  transmitter  is 
the  tendency  to  "j)ack;"  by  this  is  meant  the  crowding  together  of 
the  granules  into  a  compact  mass,  which  greatly  reduces  the  sensi- 
tiveness. In  fact,  when  the  carbon  becomes  packed  the  transmit- 
ter is  useless.  This  packing  can  be  readily  overcome  by  striking 
the  side  of  the  transmitter  a  sharp  blow  with  the  hand.  This 
])ractiee  liowever  cannot  be  recommended,  for  iu  the  hands 
of  a  layman  it  is  not  conducive  to  the  longevity  of  the   instru- 
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nieiit.  To  reduce  the  }»aikiiitj  to  a  iniiiiinuiii  the  solid  hnek  was 
devistid.  Tliis  transmitter  is  shown  in  section  in  Fij^.  87;  it  con- 
sists of  a  thin  brass  chamber  A  w  hich  is  made  of  j'a  -inch  stock. 
Securely  fastened  over  the  ojjening  of  this  chamber  is  a  heavier  brass 
disc  B  havin«;  a  circular  oj)enin^  in  its  center,  into  which  is  screwed 
a  hard  rublier  mouth  j)iece  ('.  The  diaphragm  is  a  thin  metal 
disc  havinjr  its  edge  covered  with  india  rul)l)er  and  securely  fas- 
tened to  the  inner  surface  of  B  by  means  of  two  springs  shown  at 
A  and  B  in  Fig.  ^X.  These  are  identical  with  the  springs  shown 
in  connection  with  the  Blake  transmitter. 

The  two  electrodes  consisting  of  two  finely  polished  carbon 
discs  E  and  E',  Fig.  37,  are  fastened  to  the  inner  side  of  a  metallic 
chaml)er  which  consists  of  two  parts.  The  rear  part  F  is  in  the 
form  of  a  circular  cup  which  is  firmly  held,  by  means  of  a  pin  and 
set  screw,  to  the  brass  bridge  (i.     Tlie  fn»nt  part  consists  of  a 


Fig.  .37. 


Fig.  .38. 


brass  cap  11  II  which-is  screwed  to  the  front  end  of  F.  Tlie  front 
carbon  E'  is  securely  fastened  to  a  brass  plate  equippeci  with  a 
pin  which  fits  a  hole  in  the  center  of  the  diaphragm,  and  is  held 
in  position  by  two  small  check  nuts  L  I/.  A  ring  of  mica  O  O' 
has  its  outer  circumference  securely  held  between  the  brass  cap 
H  n  and  the  edge  of  F,  while  the  inner  circumference  is  clamjHHl 
securely  by  the  brass  nut  I.  The  bniss  plate  and  its  attached  carbon 
disc  are  therefore  insulate*!  from  the  other  electrtnle  which  makes  con- 
tact with  the  framework.  The  chamlxr  P  is  nearly  fiiUnl  with  finely- 
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A  hard-ruUwr  block  is  securely  fastenetl  to  one  side  of  the  bridore 
and  Las  a  hole  drilled  into  which  is  fitted  a  copper  bushing.  Thie 
bushing  forms  the  contact  for  one  side  of  the  circuit,  the  terminal 
being  held  in  position  in  the  hole  by  a  small  set  screw.  To  a 
small  lutr  on  this  bushintj  is  soldered  a  fine  wire,  the  other  end  of 
which  is  soldered  to  the  brass  nut  I.  The  other  terminal  of  the 
circnit  is  on  the  frame  of  the  transmitter. 

Packint'  in  transmitters  is  caused  by  the  expansion  of  the 
parts  due  to  the  heat  generated  by  the  current,  and  due  to  the 
warm  breath  of  the  User.  If  the  expansion  of  the  parts  tends  to 
throw  the  two  electrodes  together,  the  granules  will  pack,  but  if  the 
tendency  in  expansion  is  to  separate  the  electrodes  the  transmitter 
will  not  pack.  The  pressure  of  the  damping  springs  is  such  that 
any  expansion  of  the  diaphragm  will  be  in  a  direction  to  separate 
the  electrodes.  All  of  the  best  American  transmitters  are  now 
made  of  the  same  general  pattern  as  the  solid  back. 

Induction  Coil.  As  the  theory  of  induction  coils  has  already 
been  discussed,  let  us  now  take  up  the  special  requirements  of  this 
form  of  apparatus  when  used  in  connection  with  the  transmitter. 
It  has  already  been  shown  that  the  circuit  carrying  the  transmitter 
must  be  so  arranged  that  the  resistance  of  the  external  portion 
will  be  as  low  as  possible.  On  the  other  hand  the  primary  wind- 
ing of  the  induction  coil  must  have  a  sutficient  number  of  turns  to 
produce  the  required  magnetic  field.  It  will  be  seen  therefore  that 
the  resistance  of  the  winding  of  the  primary  coil  must  be  very  small 
in  proportion  to  that  of  the  transmitter.  The  formula  expressing 
the  magnetizing  effect  of  a  coil  is  as  follows:  1L=1.26  s  i  fi  in 
which  II  equals  the  strength  of  field  in  lines  per  square  centi- 
meter, ^  the  number  of  turns  of  the  coil  per  centimeter  length;  u, 
the  permeability  of  the  iron  core,  and  i  the  current  strength  in 
amperes. 

From  this  formula  it  will  be  seen  that  the  greater  the  numl>er 
of  turns  and  the  greater  the  current  strength,  the  greater  will  be 
the  strength  of  the  resultant  field.  It  has  been  shown,  however, 
that  the  resistance  of  the  coil  is  limited  by  that  of  the  transmitter, 
and  therefore  the  number  of  turns  of  the  coil  is  limited  by  the 
same  factor.  Since  the  <piantity  .y  cannot  be  increased  at  will,  the 
only  way  to  increase  11  is  by  making  i  as  large  as  possible;  this  is 
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done  by  increasing  the  number  of  '**i\\s  used  on  the  circuit.  The 
value  of  the  quantity  '  has  its  limitations  inasmuch  as  excessively 
lar^e  currents  tend  to  heat  the  carbon  of  the  transmitter  and  throw 
it  out  of  adjustment. 

By  trial  the  following  proportions  havel)een  found  to  givotho 
Ih'hI  results:  In  the  lUake  tnmsmitter  the  resistance  of  the  pri- 
mary coil  is  l.( >.")()  ohms  and  the  K.  M.  Y.  use<l  is  alK>ut  H.2  volts. 
Ill  the  solid-back  transmitter,  which  is  cajwible  of  carrying  a  heavier 
current  than  the  Blake,  the  n*sistHnco  of  the  y)rimary  coil  is  cut 
down  to  about  %  ohm.  The  potential  used  with  this  class  of  in- 
strument is  usually  aWit  4  volts.  The  resistance  of  the  solid-back 
tmnsinitter  under  normal  conditions  is  about  10  ohms,  but  is  often 
as  high  as  30  ohms  during  use.  The  current  density  ywissing 
through  the  transmitter  is  about  .25  to  .3  amjiere.  The  mechani- 
cal construction  of  the  induction  coil  depends  njton  the  8ha|)e  and 
size  of  the  instrument  in  which  it  is  to  be  used;  this  has  been  dis- 
cussed already. 

An  account  of  some  of  the  more  important  tests  will  now  be 
given.  Tlie  results  are  those  of  a  series  of  tests  n>a<le  by  the  Swiss 
government  on  ten  different  induction  coils;  the  Blake  tnmsmitter 
being  taken  as  the  standard  instrument.  The  eXjK'riments  wore 
niade  on  live  workincr  circuits  ranijinir  in  lentjth  from  .5  to  107.4 
kilometers  in  length.  The  induction  coil  used  as  a  standard  of 
comjKirison  was  of  American  manufacture;  with  the  primary  coil 
having  a  resistance  of  1.05  ohms  and  the  secondary  a  resistance  of 
180  ohms.  The  dimensions  of  the  coils  tested  are  given  in  the  fol- 
lowing table: 
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liv  means  of  Ji  suitahl**  switch  any  one  of  the  above  coils 
could  be  instantly  cut  into  circuit  at  any  time  durincr  the  test  so 
that  a  coinjMirison  could  be  made  with  the  standard  in  a  short 
enough  time  to  enable  the  tester  to  retain  the  original  impression. 
In  this  manner  each  coil  was  cora|)ared  with  the  standard.  The 
intensity  and  clearness  of  the  standard  coil  is  taken  as  one.  The 
results  of  the  ten  coils  are  shown  in  the  following  table: 

INDUCTION  COIL. 


in 
Kilometers. 

1 

2 

3 

i 

5 

C 

7 

8 

9 

10 

.5  ] 

.8 

.7 
.9 

.9 
.9 

1.5 
1.3 

1.3 
1.0 

1.5 

.9 

1.3 

.9 

1.3 
1.0 

1.7 

LO 

.3 
.3 

TntfMi.sity 
Clearness. 

61.6  j 

A) 
LO 

LO 
LI 

1.0 
1.3 

1.7 
1.5 

1.3 
1.2 

1.6 
.9 

1.5 
.9 

1.5 
.9 

1.6 
.9 

.3 
.5 

79.1  j 

.3 
.7 

.9 
1.0 

.9 
LO 

1.3 
1.5 

1.1 
1.3 

1.7 
1.3 

1.1 
1.1 

1.1 
1.0 

1.7 
1.4 

.3 
.3 

85.3  j 

.7 

.8 

LO 
1.3 

.9 
1.3 

1.3 
1.5 

1.3 
1.5 

1.7 
1.6 

1.5 
1.4 

1.5 
1.4 

1,6 
1.6 

.3 
.4 

107.4  j 

.2 
.9 

.7 
LO 

.6 
1.0 

1.2 
1.5 

LO 
1.3 

1.5 
1.5 

1.6 
1.3 

1.6 
1.2 

1.7 
1.3 

.3 
.1 

In  the  alx)ve  table  there  are  two  sets  of  figures  for  each  coil, 
opjK)8ite  every  distance.  The  figures  in  the  upper  row  denote  the 
intensity;  those  in  the  second  row,  the  clearness.  The  table  shows 
that  the  same  induction  coil  does  not  give  equally  good  results  on 
all  lines.  For  example,  coil  No.  1  has  an  intensity  of  .3  on  a  line 
.5  kilometers  long;  while  on  a  line  61.0  kilometers  long  thisfig\iro 
rises  to  .0,  almost  equalling  the  standard.  On  the  next  longer 
line,  this  quality  falls  to  .3,  but  rises  again  to  .7  on  the 
85.3  kilometer  line.  On  the  longest  line  it  again  falls  to  .2.  Coil 
No.  2  acts  more  uniformly  in  the  point  of  clearness,  being  about 
equal  to  the  standard  on  all  but  the  85.3  kilometer  line,  where  it 
rises  to  1.3.  On  the  whole,  coils  No.  4  and  No.  9  give  the  best 
results  for  general  use,  and  conform  in  point  of  make  up  to  the 
best  j)ractice  of  to-day. 

Complete  Telephone.  Thus  far  we  have  discussed  only  the 
two  essential  features  of  the  telephone  instrument — the  transmitter, 
or  that  wliii'h  converts  the  sonorous  vibrations  into  electrical 
vibrations;  and  the  receiver,  or  that  which  converts  the  electrical 
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vibrations  back  into  sonorous  vibrations.  T>et  us  now  take  up  the 
telephone  instrument,  which  makes  use  of  these  two  essential 
principles,  together  with  some  auxiliary  features. 

In  addition  to  transmitting  s|)eech,  a  complete  telephone 
instrument  must  also  be  able  to  convey  bOJDd  bort  of  signal  from 
one  end  of  the  line  to  the  other,  in  order  to  inform  the  ])arty  at  the 
distant  end  that  attention  is  desired;  it  must  also  be  able  to 
receive  a  si(»^hal  thus  transmitted  from  the  distant  end.  In  all 
eases  the  bell  is  used  as  a  means  of  receiving  the  signal,  while  a 
small  hand  genemtor  is  used  to  transmit  the  signal  to  the  distant 
end.  The  method  of  connecting  the  bell  and  the  generator  has 
given  rise  to  two  distinct  classes  of  instruments,  each  |)Osses8ing 
distinctive  features.  These  two  classes  are  called  the  scries  tele- 
phone and  the  hridfjinfj  telephone. 
The  method  of  wiring  up  a  series 
instrument  is  shown  in  Fig.  39,  iu 
which  the  line  enters  at  A,  and 
terminates  at  a  peculiar  shafR*d 
switch  (\*  This  switch  is  so  con- 
structetl  that  it  moves  in  a  vertical 
direction  and  when  in  its  upjK'r 
|)Osition  makes  contact  with  the 
two  points  Y)  and  E.  AVhen  de- 
jiressetl,  the  contact  with  D  and  E 
is  o[K*ned  and  that  with  F  closed. 
Assuming  the  switch  to  Ihj  in  the 
latter  position  (closed)  the  circuit 

])asses  through  the  contact  {K)int  F  to  the  generator  Ij  and  bell  coils 
K  and  thence  through  the  binding  post  A'  to  the  other  side  of  the 
line  in  the  case  of  a  metallic  circuit  or  to  trround  at  G  when  the 
earth  is  used  as  a  return.  It  will  be  seen  that  under  these  condi. 
tions  the  generator  B  and  bell  K  are  in  series  on  the  line.  The 
generator  13  is  e<juip|)e<l  with  a  shunt  L  which  is  closeil  when  the 
generator  is  out  of  use,  thereby  cutting  the  resistance  of  the  gen- 
erator armature  winding  out  of  the  circuit.  Wlien  the  handle  of 
tile  generat(»r  armature  is  revolvc<l  this  shunt  is  automatically 
(>|K>nc«l  so  that  the  generator  is  ready  f(»r  use. 

Assume  a  line  to  bo  e«|uip|)ed  at  either  entl^with  a  telephone 
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wired  as  shown  in  Fig.  39.  If  a  call  is  sent  from  the  distant  end 
by  revolving  the  aruiature  of  the  generator  at  that  point,  the 
alternating  current  thus  produced  arrives  ^t  the  binding  post  A, 
passes  through  the  bell  K  (by  the  route  already  rihown)  to  the  post 
A'  and  returns.  The  l»ell  is  therefore  sounded.  Should  the  signal 
be  sent  from  this  end,the  armature  of  the  generator  is  revolved,  the 
slumt  L  iHMng  opened  thereby  and  the  current  Hows  out  on  the 
line  at  A.  It  returns  either  metallic  or  through  the  earth  to  A', 
thence  through  the  bell  K  to  the  contact  F,  through  the  switch  C 
back  to  A. 

"When  conversation  is  desired  the  switch  is  moved  to  its  upper 
position  opening  the  contact  at  F  and  closing  those  at  D  and  E. 
The  circuit  from  A  passing  through  the  switch  C  now  follows  the 
path  from  the  contact  D  through  the  receiver'G  and  the  secondary 
winding  I'  of  the  induction  coil  back  to  A'.  The  circuit  including 
the  transmitter  passes  from  the  battery  J  through  the  primary 
winding  I  of  the  induction  coil  to  the  contact  E,  thence  through 
the  switch  C  to  the  transmitter  II  returning  to  the  op])osite  side  of 
the  battery.  The  circuit  including  the  bell  is  open  at  F.  Assum- 
ing that  the  switch  of  the  telephone  at  the  distant  end  of  the  line 
is  similarly  adjusted,  conversation  is  possible.  Suppose  that  the 
tele])lione  at  this  end  be  used  to  transmit.  The  sonorous  vibrations 
impinging  on  the  diaphragm  of  the  transmitter  II  cause  a  variable 
current  to  flow  through  the  circuit  in  the  manner  described  above. 
This  induces  a  current  in  the  secondary  winding  I'  which,  flowing 
out  on  the  line,  actuates  the  receiver  at  the  distant  end.  If  the 
instrument  at  the  distant  end  be  used  to  transmit,  the  induced 
current  generated  at  that  end  flows  over  the  line  and  actuates 
the  receiver  at  this  end. 

An  examination  of  the  circuit  will  show  that  whether  the 
instrument  at  this  end  be  used  to  transmit  or  to  receive,  the  induced 
current  j)asse8  through  the  receiver.  The  same  is  true  of  the  tele- 
jibone  at  the  distant  end.  Tlie  sound  produced  in  the  receiver  of 
a  telephone  (when  that  telej)hone  is  used  to  transmit)  is  called  a 
(fide  Unie.  Allusion  will  be  made  to  this  later  on.  Ileferring  to 
thf  switch  C  it  will  l>e  seen  that  it  is  to  close  the  bell  circuit  and 
ojMjn  the  receiver  and  transmitter  circuits  when  the  instrument  is 
not  in  use.     By  this  means  the  circuit  containing  the  transmitter 
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luittery  J  is  ojiened  during  this  period,  the  current  ceases  to  How 
and  the  life  of  the  battery  i«  therefore  |)roIontred.  On  the  other 
hand,  the  bell  and  the  trenerator  nrv  in  fircnit  n-adv  to  receive  or 
transmit  a  signal. 

ThiH  furni  of  instruinent  whm  deMi^^iieil  hefore  the  bridging  telephone, 
and  while  it  \»  well  adapted  to  exchange  work  with  one  telephone  on  a 
line  or  on  private  lineu  with  l*ut  two  instrumentH,  it  \n  not  etTieient  when 
there  are  more  than  two  iiiHtalled  ]>erline.  It  wau,  however,  used  some- 
what for  such  service,  all  the  instruinentw  being  connected  in  series  with 
each  other.  It  will  be  seen  that  with  the  exception  of  the  two  telephones 
in  use  on  such  a  line  that  talking  currents  would  have  to  pass  through 
the  coils  of  the  other  bells,  causing  poor  transmission. 

Tlie  generator  is  shown  in  Fig.  40,  being  a  dynamo  with  |)er. 
manent  field  magnets  bent  into  horseshoe  8ha|>e,  and  their    nnm- 
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Fig.  40. 

ber  depends  upon  the  strength  of  the  field  desired.  The  generator 

used  in  the  series  telephone  usually  has  three  such  magnets,  while 

those  in   bridging  telephones   usually  have  four,  but  sometimes 
live,  and  even  six. 

Referring  to  Fig.  40,  A  A'  A"  A'"  show  the  magnets  with  parts  cut 
away  in  onler  to  exi>oHe  the  working  of  the  crank  shaft.  The  armature  is 
driven  l>y  means  of  a  gear  and  pinion  HIV.  Fig.  41  sh«)ws  the  ctmstruc- 
tion  of  the  armature  core.  This  c«>re  consists  of  thin  sheets  K  of  soft  inui 
mounted  upon  a  shaft  B.  C  is  a  steel  pin  insertetl  into  the  end  i>f  tlie 
armature  shaft.  One  end  of  the  winding  terminates  at  this  pin,  while 
the  other  end  is  fastened  «lirectly  to  the  Inxly  of  the  core.  The  colls  are 
wound  lengthwise  in  the  Hlt>tH  M  M'. 

In  Fig.  40  springs  C  and  1)  represent  tlio  slinnt  for  a  series 
generator.     ^Vhen  the  crank  G  is  turned,  the  shaft  K  moves  to  the 
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K-ft,  jnvsBJurr  thf  insulated  tip  T  afrainst  the  spring  I),  opening 
tlie  contact  witli  ("  and  jilacing  the  generator  in  action.  The 
spring  ('  is  in  contact  with  the  hfxly  of  the  generator,  wliile  D  is 
in  contact  with  the  )»in  J  of  the  armature.  The  outside  connections 
are  made  at  II  and  iv.  AVhen  the  crank  is  released,  the  shaft  E  is 
pulled  to  its  normal  position  by  the  spring  F  and  the  generator  again 
becomes  short  circuited,  or  shunted  out  by  the  springs  C  and  D. 
The  left-hand  figure  shows  the  spring  arrangement  for  a 
bridging  generator.     M  and  L  are  the  two  springs  which  are  nor- 


Fip.  41. 
mally  sejMirated;  L  is  in  contact  with  the  })in»It,  while  M  is  entirely 
insulated.     The  insulated  tip  V  of  the  shaft  P  moves  the  spring  L 
into  contact  with  M  and  closes  the  circuit  when  the  crank  is  turned. 
Current  passes  from  the  armature  tip  II  to  spring  L  throngh  the 
contact  to  M  out  over  the  line  from 
connection  N  and  back  to  thelxnly 
of  the  generator  at  O. 

An  alternating  current  is  given 
by  this  generator.  Fig.  42  shows 
the  arrangement  of  the  armature 
pinion,  A  represents  the  pinion,  B 
the  driving  gear,  and  (.'  is  the 
spring,  one  end  of  which  is  at- 
tached to  the  armature  shaft  and 
the  other  end  to  the  pinion.  This 
spring  is  for  the  purpose  of  making 
the.  generator  start  easily,  and  also 
tomake  it  run  smoothly  and  (juietly. 

Tin  Btll.  Tlie  l>ell  used  in  telephones  is  what  is  known  as  the 
polarized  bell,  because  the  armature  is  given  a  permanent  polarity 
by  means  of  the  permanent  magnet.     Fig.  48/^  shows  a  diagram  of 


54 


TELEPHONY 


47 


this  Ix'll.  A  A'  are  two  coils  monnted  n|)on  a  soft  iron  base  D; 
K  is  a  ])ermaiieiit  iiiacrnet  monnted  on  the  sauio  base  and  extends 
along  one  side  of  the  coils  to  the  top  of  the  niechanisni,  where  the 
end  is  bent  over  the  armature  B.  Tlie  armature  is  pivoted  at  the 
jK)int  F,  and  the  two  ends  are  directly  over  the  ends  of  the  cores  of  the 
coils.  The  clap|K*r  rod  G  extends  from  the  center  of  the  armature 
and  ends  in  a  ball.  As  the  armature  swings  back  and  forth  on  its 
pivot  the  ball  vibrates  and  strikes  the  bells  placed  on  each  side  of  it. 

The  permanent  magnet  magnetizes  the  ends  S  S'  of  the  cores 
to  the  same  polarity,  while  the  ends  of  the  armature  N  N'  are 
given  a  jjolarity  opposite  to  that  of  the  cores.  If  a  current  losses 
through  the  coil  in  one  direction,  pole  S  would  be  made  a  north 
jjole,  while  j)()le  S'  would  Ix'come  a  n^ 

south  pole.     Tlie  permanent  magnet  f|R- 1   ,     .  1 

would  make  each  end  of  the  armature 

north.     Tlie   result  is  that  S    beinfj 

the  same  polarity  as  N,  the  armature 

is  re|X!lled  from  that  jK>le.     S'  being 

made  a   poutli    j»ole    is    of    op[)Osite 

polarity  to  that  of  the  armature  and 

therefore  attracts  it;  the  armature  is  d 

thus  thrown  to  one  side.     When  the 

current  is  reversed  the  armature  is 

thrown   back     to  the  first   position. 

Altematincj  current  beintj  used,  the  Fig.  43a. 

polarity  of  the  coils  is  constantly  changed,  thei-efore,  causing  the 

armature  to  vibrate. 

T/ie  switch  is  shown  in  Fig.  43/>».  Wlnui  the  instniment  is 
not  in  use  the  receiver  is  liuncr  on  the  hook  i):  its  weight  brinj^ 
the  switch  to  its  lower  position.     When  the  receiver  is  removed 


Fig.  436. 

the  spnng  G  raises  the  hook  and  makes  contact  with  the  two  up|K'r 
8j>rings  at  F.  When  the  receiver  is  ou  the  hook,  contact  is  umde 
with  the  lower  spring,  while  the  others  are  open. 
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The  Receiver.  It  has  been  said  that  the  receiver  in  use  to-day 
16  |u*at'tioalIy  the  same  as  that  of  the  original  Bell  telephone  already 
dt'ScrilM'd;  hut  this  is  true  only  in  jreneral  because  several  import- 
ant itnjirovenuMits  have  In'en  made.  lve<'eivers  may  be  divided 
iuto  two  clasR's:  Hiinjh-jtnl,-  and  h'l-pohir.  Bi -polar  receivers  are 
more  sensitive  and  are  displacing  the' other  type.  One  of  these  is 
shown  in  Fig.  44.  It  consists  of  a  hard-rubl)er  shell  shown  at 
(t  (i',  one  end  of  which  is  enlarged  to  supjxjrt  the  binding  posts 
I)  and  I  >',  and  also  to  hold  the  screw  B,  which  secures  the  permanent 
horse-shoe  magnet  A  made  of  hard  steel.  Fastened  to  the  poles 
of  this  magnet  are  two  soft-iron  cores  E  E',  each  one  surrounded 
by  the  exciting  coil.  From  the  two  binding  posts  two  heavy  copper 
wires  CC  lead  to  the  terminals  of  the  electro-magnetic  coils  II'. 
The  diaphragm  O  is  held  in  place  by  the  hard-rubber  cap  F. 

In  addition  to  the  design  of  the  receiver, 
considerable  experimenting  has  been  done 
to  determine  the  best  materials.  For  the 
diaphragm,  soft  iron  has  been  found  to  be 
the  most  suitable  on  account  of  its  sus- 
ceptibility to  magnet  influences.  As  to 
size,  it  has  been  found  that  a  diameter  of 
2.4  inches  gives  the  best  results.  The 
flexibility  increases  with  the  area  of  the 
diaphragm.  But  while  a  certain  degree  of 
flexibility  is  desirable  in  order  that  the 
whole  diaphragm  may  be  thrown  into  vi- 
bration, an  excess  will  cause  the  free  vibra- 
tions to  become  too  marked,  thereby  reduc- 
ing the  clearness.  To  obtain  the  greatest 
efliciency,  the  thickness  of  the  diaphragm 
should  be  from  .008  to  .012  inch.  It 
should  be  perfectly  homogeneous,  and  se- 
curely held  about  the  rim.  A  thin  layer 
of  varnish  is  used  to  prevent  the  metal  from 
rusting.  The  inner  surface  of  the  dia 
])hragm  should  not  make  mechanical  con- 
tact with  the  poles  of  the  receiver;  there  should  be  an  air  space  of 
aliout  l^  inch  in  order  that  the  vibrations  may  not  cause  the  metal 
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to  strike  the  |iole8.  Tlie  resistance  of  the  coils,  varies  between 
75uiinisun(l  l.'io  oliins,  and  e«jually«^<>od  results  have  l)een  ohtaiiied 
with  the  one  as  with  the  other.  Most  receivers  now  in  nse  have 
a  resistance  which  varies  between  75  and  80  ohms. 

The  single  pole  receiver  is  similar  to  that  shown  in  Fi<r. 
44.  For  of)erators,  a  receiver  has  been  designed  to  be  fastened  on 
the  head  by  a  steel  spring.  This  tyj)e  is  called  a  heiid  receiver. 
One  of  these  is  shown  in  Fig.  45.  It  will  be  seen  that  the  body 
of  the  receiver  is  flat,  due  to  a  shortening  of  the  magnetic  circuit. 
The  steel  spring  clip  is  made  in  one  piece,  as  shown  in  Fig.  45,  or 
a  double  piece  as  in  Fig.  4<).  This  receiver  is  the  same  as  that 
already  described,  and  is  usually  of  the  bi-polar  tyj)e. 

Let  us  now  consider  the  form  of  the  coils  placed  upon  the  pole 
pieces.  The  induced  currents  passing  through  these  coils,  which 
for  convenience  sake  may  he  called  the  talkhuj  eurrenftf,  are  very 
small  in  intensity,  varying  between  .0001  to  .00001  ampere;  as  a 
result  the  magnetic  influences  produced  thereby  are  also  very  weak. 


Fig.  45.  Fig.  46. 

Therefore  to  make  them  effective,  the  coil  windings  must  be 
placed  as  near  the  iron  cores  as  possible.  Only  very  flne  silk- 
covered  wire  is  permissible — that  having  a  diameter  of  from  .004 
to  .00<}  inch.  About  710  turns  are  used  in  each  coil — a  total  of 
1,420  turns.  In  a  single  pole  receiver,  the  1,420  turns  are  wound 
on  one  coil.  For  a  8ingle-|)ole  receiver,  the  shape  of  the  coil  is 
circular,  while  thobe  of  the  bi-{)olar  receiver  are  elliptical. 

The  Bridging  Telephone.  I^t  A  and  B,  Fig.  47,  represent 
two  telephone  stations  on  a  line.  Assume  both  of  these  stations 
equipped  with  series  bells.  If  now  it  is  desired  to  connect  an 
additional  telephone  to  the  line,  the  ditflculty  will  at  once  become 
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ftppnivnt.  If  tile  third  station  bo  cut  in  as  shown  at  C  tlie  three 
bells  will  be  bridi^ed  Hcrosa  the  line.  With  the  low  resistance  to 
which  tlie  series  bells  is  wound  (SO  ohms)  the  third  bell  would 
shunt  so  much  eurrent  from  the  other  two  that  they  would  ring 
very  faintly.  A  more  serious  condition:  during  conversation 
between  any  two  of  the  stations,  the  bell  of  the  third  one'would 
still  be  bridtred  across  the  line.  The  result  would  be  that  so  much 
of  the  talking  current  would  be  shunted  by  the  bell  that  conversa- 
tion would  be  possible  only  on  lines  of  a  few  hundred  feet  in 
length.  If  more  tele])hone8  were  added  to  the  line,  the  effect 
would  be  still  more  marked.  On  a  very  short  line  it  might  be 
possible  to  operate  three  telephones  wired  in  this  way,  but  it  would 
be  impossible  to  operate  a  greater  number.  Even  with  the  best 
conditions  the  results  with  the  three  telephones  would  be  far  from 
satisfactory. 
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To  make  the  use  of  more  than  two  telephones  on  a  line  possible, 
and  to  overcome  the  difficulties  described,  the  hrUhjiuy  hell  was 
invented  by  Mr.  J.  J.  Carty,  Chief  Engineer  of  the  New  York 
Telephone  Company.  The  principle  of  this  bell  is  best  explained 
by  quotingfrora  the  patent  specifications,  which  call  for  a  "bell  of 
high  impedance,  permanently  bridged  across  the  telephone  circuit." 
The  bell  having  a  high  impedance,  does  not  shunt  out  an  appreciable 
amount  of  current.  The  original  bridging  bell  was  wound  to  a 
resistance  of  1,000  ohms,  and  to-day  this  figure  is  the  standard. 

Tlie  number  of  turns  on  the  bell  coils  is  much  greater  than  with 
the  series  bells,  therefore  the  current  density  necessary  to  produce 
the  ringing  is  much  less  than  with  the  other  type.     Again,  the 
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im|KHlnnee  of  the  Ih'H  coils  is  >o  bi«j!i,  comparwl  witli  that  of  the 
circuit  throuMi  the  telephone  receivers,  that  theuiiiouiit  of  talkiiti; 
current  shunted  is  inappreciable. 

The  metluxl  of  connectintr  up  the  telephone  with  the  hritltrintr 
bell  is  shown  in  Fitj.  -is,  in  which  A  represents  the  i^enerator,  IJ 
the  bell  coils,  II  the  receiver,  C  the  secondary  winding  of  the 
induction  coil,  D  the  primary  windintr,  E  the  transmitter  battery, 
F  the  transmitter  and  (t  the  h(M)k  switch.  It  will  be  seen  that  the 
fi^Mjerator  A  toijether  with  the  bell  coils  H  are  [)ermanently  bridged 
across  the  line.     The  generator  armature    is    provided    with   an 
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Fig.  48. 

automatic  switch,  which  leaves  the  armature  coils  on  open  circuit 
during  the  time  that  the  generator  is  out  of  use.  Ujkui  turning 
the  crank  the  coil  is  cut  into  circuit.  The  only  difference  between 
the  wiring  of  this  telephone  and  that  with  the  series  bell,  is  in  the 
switch.  It  will  be  observed  that  with  the  bridiiing  bell  the  hook 
switch  is  not  provided  with  a  lower  contact.  The  only  contacts 
are  those  marktHl  1  and  2,  which  form  the  circuit  for  the  receiver 
and  the  transmitter.  As  in  the  ca.se  of  the  telephone  equipjjed 
with  the  series  bell,  these  two  contacts  are  opened  when  the  switch 
moves  to  its  lowest  {)osition,  and  are  again  closed  when  the  switch 
returns  to  its  highest  position.  With  this  form  three  or  more  can 
l)e  connectetl  to  a  line  without  interfering  with  the  transmission. 
Tlie  greatest  numl>er  of  telephones  of  this  tyiR*  that  can  be  success- 
fully ofierated  on  one  Hue  will  be  treated  more  in  detail  later. 
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While  the  essential  parts  of  a  telephone  remain  unchanged, 
the  method  of  assembly  or  mechanical  construction  differs  consid- 
erably in  different  typ's  of  the  instrument.  In  this  respect  telephone 
instriimontH  may  In?  divided  into  four  classes:  The  framework  of 
the  desk  cabinet  telephone  is  made  up  in  the  form  of  a  desk,  so 
that  the  person  using  it  may  sit  down  and  write.  With  the  wall 
cabinet  telephone,  the  Bubscril»er  stands  uj>,  but  also  has  a  surface 
to  write  on.     These  two  types  are  so  constructed  that  a  cabinet  is 
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provided  for  the  receptit)n  of  the  battery.  With  wall  telephones 
tiie  transmitter,  induction  coil,  bell  and  generator  are  mounted 
upon  a  back  board  to  fasten  on  the  wall  at  any  desired  height. 
A  small  shelf  is  usually  provided  for  writing.  The  transmitter  of 
the  desk  stand  telephone  is  mounted  on  a  metallic  arm  provided 
with  the  hook  switch.  This  stand  is  portable  and  constructed  to 
set  on  a  desk  or  table.  The  box  containing  the  bell  and  generator 
is  UBually  mounted  separately  a3  is  also  the  induction  coil. 
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In  Fig.  49  will  be  seen  an  illustration  of  a  desk  cabinet  sot, 
of  one  of  the  most  approvtMl  ty|)efl.  It  consists  of  a  desk -like 
structure,  ujm)U  which  is  mountwl  a  cabinet  A  A'  e<juij)j)ed  with  a 
glass  front  throutrh  which  are  seen  the  generator  B,  the  bells  (' 
and  the  induction  coil  F.  Tlie  switch  D  has  its  hook  end  pro- 
jecting through  a  slot  in  the  side  of  the  cabinet;  and  the  pivot  end 
can  Ik)  seen  through  the  glass  cover.  Tlie  receiver  E  is  seen  in  its 
jK)sition  on  the  hook,  and  is  connected  (by  the  flexible  cord  I)  to 
two  binding  |)Ost8,  one  of  which  forms  the  line  terminal,  and  the 
other  the  terminal  of  the  secondary  winding  of  the  induction  coil. 
Tliia  cord  is  made  up  of  two  conductors  of  fine  coj)|)er  tinsel,  thor- 
oughly insulated  by  close  cotton  braiding,  and  together  encloswl 
in  a  cover  of  heavy  cotton  braid.     The  transmitter  which  is  of  the 
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solid-back  tyj)e  is  seen  at  O.  It  is  mounted  on  a  supporting  arm 
S  which  is  fastened  to  the  top  of  the  cabinet.  The  circuit  from  the 
primary  winding  of  the  induction  coil  is  made  through  the  flexible 
cord  M,  which  is  constructed  of  very  line  copper  strands,  insulated 
with  silk  and  cotton  winding  and  covered  with  a  close  heavy  silk 
braiding.  The  transmitter  is  fastened  to  the  arm  by  means  of  a 
milled-head  screw,  so  that  it  can  be  adjusted  to  the  proj)er  height. 
The  return  circuit  is  throuijh  an  insulated  wire  attached  to  a  bind- 
ing  post  placed  on  the  foot  of  the  arm.  An  enlarged  view  of  the 
arm  is  shown  Fig.  50.  The  binding  post  is  seen  at  A  and  the 
milled-head  screw, for  securing  the  transmitter,  at  B.  Tlie  flexible 
cord  is  seen  at  C.  The  batteries  are  held  in  a  cabinet,  which  i^ 
^09«d  b^  a  movi^bl^  4oor  I^ 
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Tlio  plan  of  the  wiring  is  shown  in  Fig.  51.  Here  the  line 
wires  1  and  2  are  run  to  the  binding  posts  A  and  A',  A  being 
wiritidireetly  to  the  binding  post  1?.  The  j)Ost  A'  is  wired  directly 
to  the  switch  S.  llis  liinding  ])ost  B'  is  wired  to  the  secondary 
iM>i!,  and  its  otlier  terminal  to  the  contact  point  5.  The  contact 
jHiint  ()  is  wired  directly  to  the  jirimary  coil,  whose  other  terminal 
is  wireil  to  the  binding  ])ost  7,  thence  down  to  the  batteries  placed 
in  the  cabinet  as  described,  from  which  the  wire  comes  up  to  the 
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l)indingpost  ii.  The  ilexible  cord  M, 
Fig.  4*.),  runs  from  the  post  ii  to  the 
transmitter  K,  the  return  circuit  go- 
ing to  binding  ])Ost  4,  which  in  turn 
is  wired  permanently  to  the  switch  S. 
The  receiver  is  shown  at  C,  and  the 
receiver  cord  at  D.  The  bell  coils  I 
are  bridged  across  the  line  at  A  and 
A'.  The  generator  E  is  bridged 
across  the  bell  coils.  All  permanent 
wirino;  is  done  with  No.  19  B  A;  S 
gauge  rubber-covered  wire  laid  in 
channels. 

The  telephone  of  the  wall-cabinet  type  consists  of  the  same 
essential  features  as  the  desk-cabinet  set.  The  induction  coil,  gen- 
erator, ]x?ll  and  switch  are  mounted  in  the  cabinet  which  has  a 
glass  front.  The  transmitter  arm  is  of  the  same  type,  but  shorter 
than  that  used  on  the  desk-cabinet  sets.  The  battery  cabinet  is 
made  in  thn-e  com])artM)ents,  one  above  the  other,  each  one  large 
enough  t<>  hohl  one  Fuller  battery. 

In  Fi<4.  52  is  shown  a  wall  set.     It  consists  of  a  back  board 
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AA  upon  wliifh  are  iiiountcMl  tliu  injit^nfto-lK'll  1m)x  B,  and  the 
transmitter  ( '  with  its  siij)j)ortint:j  arm.  The  bottom  third  of  the 
back  board  is  flared  out  to  accommodate  th«  battery  box  D.  This 
box  is  de8it;ne<l  to  hold  three  Ix-clanche  batteries.  When  Fuller 
batteries  are  usihI,  a  sejmrate  bat- 
tery box  is  provided  which  is  placed 
on  the  fl(K)r.  In  tlie  instrument 
shown,  the  induction  coil  is  mount- 
ed in  the  matjnetobox;  the  trans- 
mitter arm  InMiig  merely  a  sup- 
port. In  Fig.  53  is  shown  a  trans- 
mitter arm  which  has  a  metallic 
receptacle  A  for  the  induction  coil. 
Both  styles  of  arms  are  pivoted  at 
^3  for  the  adjustment  of  the  height. 
Fiff.  54:  shows  a  modification 
of  the  wall  set  in  which  the  battery 
lx)X  is  so  designed  that  the  cells 
may  l»e  j)laced  one  above  the  other. 
The  back  lx)ard  can  then  be  ujade 
narrower  thus  saving  wall  space. 
The  magneto-generator  box  is 
also  shown.  Fig.  55  shows  a 
slightly  nuxlified  form  which  is 
used  by  the  Bell  companies  for 
series  telephones.  The  hook  switch 
A  is  pivotetl  at  B  and  its  heel  is 
e(juip|H*d  with  a  platinum  jwintC, 
which,  when  the  switch  is  in  the 
upward  {tosition,  makes  a  contact 
with  two  springs,  one  of  which  is 
seen  at  D.  lieneath  the  htn;!  of 
the  switch  is  v.  hard-rubber  block  E  which  presses  against  the  two 
springs  and  breaks  the  contact  when  the  switch  is  depressed. 
Beneath  the  switch  is  a  spring  F  which  presses  the  hook  upward 
when  the  receiver  is  removed.  Fasteneil  to  the  under  side  of  tiie 
switch  is  a  small  hard-rubl)er  block  G  which  insulates  the  spring 
when  the  switch  is  at  its  highest  point.     Just  in  front  of  ii  is  a 


Fig.  54. 


63 


66 


TELEPHONE 


wt?dge-8haj»ed  projection  II  having  a  platinum  point  which  makes 
contact  with  F  when  the  switch  is  at  the  lowest  position,  thus 
closing  the  bell  circuit.  At  the  end  of  the  crank  shaft  opposite 
the  crank  will  be  seen  a  small  pin  I,  which,  when  resting  against 
J,  closes  the  shunt  on  the  armature.  Upon  revolving  the  crank, 
this  point  is  automatically  drawn  away  from  J  thus  opening  the 
circuit.  At  the  top  of  the  box  are  three  binding  posts  marked  L 
1*  and  L.     The  two  marked  L  being  for  the  line  wires  while  P  is 


Fig.  55. 

connected  to  ground,  when  the  instrument  is  used  on  a  grounded 
circuit.  At  the  bottom  of  the  box  are  three  pairs  of  posts,  two 
marked  T  for  the  receiver  cords;  two  marked  B  for  the  primary 
circuit  and  two  marked  M  for  the  secondary.  The  wiring  is  the 
same  as  for  the  series  bell.  From  the  switch  A  projects  a  german- 
silver  strip  S  to  which  is  soldered  all  permanent  connections. 

In  Fig.  56  is  shown  the  form  of  bridging  bell  used  by  the 
Bell  companies.  It  is  made  up  in  the  same  form  as  the  series 
bell.  It  will  be  observed  however  that  the  spring  under  the  switch 
always  makes  metallic  contact.  Since  there  is  no  connection  on 
this  s[»ring  there  is  no  necessity  for  insulating  it  from  the  switch. 
The  piu  at  the  end  of  the  crank  shaft  remains  normally  separated 


m 


TELEPHONY 


67 


from  its  contact,  being  automatically  closed  as  the  crank  is  tumetl. 
The  bell  coils  on  fliis  bfll  are  longer  than  those  shown  in  Fig.  5o. 
This  is  for  the  accomnuKlation  of  the  extra  wire.  Of  the  six 
binding  jjosts  on  the  bottom  of  the  box,  two  (marked  li)  are 
for  the  receiver  cords;  one  marked  P  for  the  primary  coil;  one 
marketl  B  for  the  battery;  and  two  marked  S  for  the  8e<*ondary 
coil.  Both  of  thyse  magneto  boxes  are  designed  for  wall  sets  where 
the  induction  coil  is  in  the  transmitter  arm. 


^^^^^^ 


Fig.  56. 

In  Fig.  57  is  shown  one  of  the  tyj)e8  of  desk-stand  sets.  Tlie 
transmitter  is  supported  on  a  metallic  shank  A  provided  with  a 
lu'avy  base  B.  The  shank  is  hollow  and  the  hook  switch  jwssfs 
through  a  slot,  making  all  connections  inside.  The  receiver  con! 
is  shown  at  1),  and  makes  connections  inside  of  the  base.  AVith 
this  style  a  sejMirate  magneto  box  is  usetl,  which  may  or  may  not 
contain  the  induction  coil. 

The  plan  of  wiring  is  shown  in  Fig.  58  where  R  and  S  denote 
the  terminals  of  the  primary  and  secondary  winding  of  the  induc- 
tion coil  re8|)ectively;  the  [K>8t  IxUween  them  being  dead  and  u.mmI 
as  a  connector  only.     One  side  of  the  transmitter  circuit  is  wired 
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to  the  switch  by  means  of  a  ilexi])le  cord;  connection  to  the  other 
side  heint'  nmde  tliroiij^h  the  frame  and  the  contact  1.  The  receiver 
circuit  is  conijdetcd  through  the  flexible  cord  A  to  the  contact  2. 
In  other  re8j)ect8  the  circuit  is  the  same  as  that  already  described 
for  a  brid<nno;  Ik'11.  This  tyi)e  of  telephone  is  used  with  either  a 
bridging  or  series  bell. 

S})ecial  designs  are  sometimes  made  to  meet  requirements. 
One  of  these  is  shown  in  Fig.  50.  It  is  of  the  wall  type,  and  the 
Ik'11.  induction  coil,  generator  and  accessories  are  })laced  in  a  cabinet, 
on  the  door  of  which  is  mounted  the  transmitter  arm.     The  trans- 


Fig.  57, 


Fig.  58. 


niittcr  c-urrent  is  furnished   by  two  dry  cells.     This  is  a  very  com- 
pact an«l  convenient  form  of  instrument. 

Relative  Merits  of  Transmitter  Batteries.  It  must  bo  reinem- 
In'red  that  the  microphone,  consisting  of  the  transmitter,  battery 
and  induction  coil,  depends  for  its  operation  upon  the  fluctuation 
of  the  current  flow  in  the  circuit.  For  its  oj)eration,  this  fluctu- 
ation must  be  in  harmony  with  the  sonorous  vibrations.  Since 
any  fluctuation  of  the  current  produces  an  induced  current  on  the 
line,  and  therefore  a  corresponding  sonorous  vibration  at  the 
receiving  end,  it  is  absolutely  necessary  for  the  proj)er  w'orking  of 
this  upjiaratus  that  the  fluctuations  be  produced  solely  by  the 
<"liange  in  resistance  of  the  transmitter.  In  other  words,  the 
battery  must  give  an  absolutely  constant  curreut  and  all  connections 
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on  the  circuit  must  be  perfect.  Therefore,  a  cell  adapted  for  a 
transmitter  circuit  must  give  constant  E.  M.  F.  In  this  re8|)ect 
the  (iravity.  Fuller,  Leelanche,  Ellison -Ijilande,  and  the  two  ty|)e8 
of  the  dry  cell  already  described  are  equal  when  in  crpod  condition. 
The  Gravity  battery  is  the  least  likely  to  produce  fluctuations 
in  the  E.  M.  F.  by  getting  out  of  order.     If  the  zinc,  however,  is 
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allowed  to  become  very  dirty  from  creeping-salt  deposit,  a  fluctua- 
tion of  the  E.  M.  F.  is  produced,  which  renders  conversation  over 
very  long  lines  impossible.  There  are  no  cases  recorded  where 
this  effect  has  been  noticed  with  batteries  having  oil  on  the  surface. 
Impurities  in  the  zinc  tend  rather  to  retard  the  creation  of 
zinc  sulphate,  and  therefore  lower  the  E.  M.  F.  of  the  cell.  The 
prinei|ile  s<»urce  of  troiiltie  witii  this  ty|»e  of  cell  is  the  eollti'tion 
of  dirt  on  the  zinc  element,  which  interferes  with  the  creation  of 


67 


60  TELEPHONY 


zinc  sulphate,  thereby  reducinfr  the  E.  M.  F.  of  the  cell.     The 
zinc  should,  therefore,  be  kept  clean. 

With  the  Fuller  cell,  care  must  be  taken  to  preserve  the  amal. 
gauiation.  To  do  this  a  little  mercury  is  placed  in  the  bottom  of 
the  iKjrons  cup,  so  that  it  can  always  be  in  contact  with  the  zinc. 
Should  the  supply  of  zinc  amalgam  give  out,  severe  local  action 
would  be  set  up  by  the  contact  of  the  chromate  of  potash  solution 
and  such  impurities  as  iron  and  other  metals.  This  local  action 
would  set  up  varying  E.  M.  F.'s  which  would  be  in  opposition  to 
that  of  the  cell.  When  the  zinc  is  placed  in  the  porous  cup,  care 
should  be  taken  not  to  bend  the  copper  wire  at  the  edge  of  the 
battery  cover.  If  this  is  done  the  zinc  cannot  feed  down  as  it 
becomes  used.  The  wire  should  be  allowed  to  extend  straight  out 
three  or  four  inches  before  being  bent  over.  This  type  of  cell 
becomes  exhausted  quicker  than  the  Gravity  battery,  and  ordinarily 
about  live  renewals  a  year  are  required.  The  zincs  must  be  replaced 
about  two  or  three  times  a  year. 

In  the  Leclanche  battery,  the  zinc  is  placed  in  contact  with  the 
active  electrolyte,  but  it  is  purer  than  that  used  in  the  two  cells 
already  described.  The  zinc  is  amalgamated  when  first  introduced. 
As  it  becomes  eaten  away,  zinc  chloride  crystals  form,  w>ith  the 
result  that  unless  replaced  by  new,  a  loud  hissing  will  result. 

Dry  cells  have  largely  superseded  wet  cells  for  all  local  l)attery 
Work.  They  are  cheaper,  easier  to  maintain,  and  when  properly 
designed  and  manufactured,  have  longer  life  under  the  same  con- 
ditions than  the  I^iclanche  cell. 

To  sum  up,  the  Gravity  battery  is  best  adapted  where  the 
cost  of  maintenance  and  renewal  is  high.  They  are  used  on  the 
operators'  transmitter  circuit  in  country  and  suburban  exchanges. 
For  the  proper  E.  M.  F.  three  cells  are  connected  in  series.  The 
Fuller  battery  is  best  adapted  for  intermittent  work  at  points  near 
the  supplies.  Two  cells  in  series  are  sufficient  for  ordinary  use. 
The  T.>eclanche  battery  is  used  on  the  transmitter  circuit  of  sub- 
scriber tele])hones  in  thinly  populated  districts,  where  the  cost  of 
renewal  is  high,  and  the  number  of  long  distance  connections  small. 
Til ree  cells  in  series  are  commonly  used.  On  long  distance  lines 
thrw  cells  of  the  Fuller  battery  are  commonly  used  on  the  sub- 
Bcribers'  telephones. 
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TELEPHONE  LINES. 

The  fundamental  principles  upon  which  the  telephone  worki 
having  Ix-'cn  j^raspetl,  anil  the  cK'velopnient  of  the  complete  tele- 
phono  traced  to  its  culminating  point,  it  now  iK'comes  necessary 
to  tiike  up  the  subject  of  the  nature  of  the  line  or  circuit  over 
which  the  fcUking  current  is  transmitted,  from  the  originating  to 
the  receiving  end.  Before  the  subject  of  line  construction  i» 
Uiken  up,  however,  it  will  1x3  necessary  to  become  familtar  with 
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Fig.  60. 


the  nature  of  the  work  required  of  the  line,  together  with  its  dis- 
position and  arrangement,  in  order  that  the  proper  connections 
may  be  made  in  the  quickest  and  most  economical  manner. 

Telephone  lines  must  not  only  be  so  constructed  mechani- 
cally and  electrically  jis  to  carry  properly  the  talking  current,  but 
also  be  so  distributed  as  to  afford,  at  a  minimum  expense  of  mate- 
rial and  lal>or,  access  to  all  points  to  which  access  is  desired. 
The  work  of  arranging  lines  with  the  object  mentioned  above  is 
called  distribution,  and  is  based  upon  the  following  principles : 

The  simplest  method  of  distribution  that  can  Ire  conceived  is 
that  in  which  two  telephones  are  conne<-ted  together  by  a  line 
either  grounded  or  metallic,  sis  sh<iwn  in  Figs.  60  and  ^1.  In  Fig. 
60,  a  and  A  reiiresent  two  teleplanies  conntrted  by  tho  lino  r,  (h« 
l^eturn  eii  niit  being  made  through  the  ground  belwei-n  the  points 
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d  and  e.  In  Fig.  61,  a  and  h  again  represent  two  telephones  ;  bnt 
here  they  are  connected  by  a  metallic  circuit  c.  The  relative 
jnerita  of  the  grounded  and  the  metallic  circuits  will  be  discussed 
later. 
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Fig.  61. 

With  the  arrangements  shown  in  Figs.  60  and  61,  evidently 
communication  can  be  establislied  only  between  the  two  points  a 
and  h,  either  in  one  direction  or  in  the  other.  If  it  be  desired  to 
establish  communication  with  a  third  point,  a  third  telephone  may 
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be  bridged  upon  the  line  as  shown  at  d  in  Fig.  62.  In  this  case, 
communication  can  be  established  between  a  and  b,  a  and  d,  or  b 
and  d.  If  a  fourth  point  is  to  be  brought  into  communication, 
this  can  be  done  as  siicwn  in  Fig.  63,  where  e  represents  the  addi- 
tional telephone  bridged  on  the  line  at  this  point.     If  the  new 
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Fig.  63. 


points  of  communication  lie  beyond  a  or  J,  the  line  can  be  ex- 
tended accordingly  and  the  additional  telephone  bridged  on  as 
tiefore. 

It  is  evident  that  the  flexibility  of  this  system  i§  liraited  by 
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the  greatest  number  of  telephones  that  can  be  bridged  on  a  line 
without  cutting  down  the  talking  current  to  such  an  extent  as  to 
render  transmission  unsatisfactory,  or  the  ringing  current  to  such 
an  extent  as  to  render  the  amount  of  signaling  current  that 
passes  tlirough  each  bell  insufficient  to  ring  it.  Besides  these  two 
considerations,  there  is  an  additional  one — namely,  the  fact  that 
a  signal  cannot  be  sent  from  any  one  station  to  any  other  with- 
out it  being  received  at  the  remaining  stations.  Nor  can  conver- 
sation be  carried  on  between  any  two  stations  without  the 
possibility  of  it  being  overheard  at  the  othei-s,  or  without  pre- 
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eluding  the  possibility  of  independent  conversation  being  carried 
on  between  any  of  the  othere.  It  will  be  obvious  that  if  each  of 
the  telephones  be  connected  to  a  separate  line,  and  if  these  lines 
be  run  to  a  common  point  at  which  is  placed  suitable  apparatus 
for  their  connection  together  in  any  desired  order,  the  above- 
mentioned  difficulties  will  be  overcome.  In  Fig.  64  is  shown  such 
an  ari-angement,  where  the  four  telephones  a,  by  <r,  and  d  are  con- 
nected respectively  to  the  lines  1,  2,  3,  and  4,  which  lines  run  to 
the  common  point  e.  By  means  of  suitable  apparatus  placed  at  e, 
the  circuit  1  can  be  connected  to  circuit  2,  3,  or  4,  and  communi- 
cation thus  established  for  a  with  either  h,  c^  or  d  aa  desired. 
Similar  connections  can  be  made  for  ft,  r,  and  d. 

So  far  as  the  problems  of  transmission  are  concerned,  the 
number  of  telephones  that  can  be  connected  to  the  common  point 
e  is  unlimited  ;  nor  would  the  problems  of  line  construction  have 


Tt 


64 


TKLEPIIONY 


ally  bearing  on  the  subject.  The  point  to  which  these  lines  are 
run  is  called  an  exchange  or  central  office.  An  employee  must 
l)e  placed  in  the  exchange  to  make  the  connections  required ;  and 
in  order  to  attract  the  attention  of  this  person,  each  line  is 
equipped  with  a  signal  so  designed  as  to  be  operated  automati- 
cally by  the  generator  at  the  telephone. 

The  lines  above  described  are  called  subscriber  or  sub-station 
lines  from  the  fact  that  they  connect  the  subscriber  telephones  to 
the  exchange.  By  some  telephone  engineers  the  subscriber  tele- 
pliones   are   called    sub'Stations,    whence    the    additional   title. 


Fig.   65. 

There  are  limitations  to  the  number  of  subscriber  telephones  that 
can  advantageously  be  connected  to  one  and  the  same  exchange, 
and  among  these  limitations  one  of  the  most  important  is  the  cost 
of  the  line  construction.  To  illustrate  this  point,  in  Fig.  65  let  a 
and  b  be  two  towns  situated  in  proximity  to  each  otiier,  and 
suppose  that  telephone  communication  is  first  established  in  the 
town  a.  After  a  while  the  inhabitants  in  town  h  desire  to  have 
communication.  If  only  three  or  four  people  in  the  latter  town 
desire  service,  it  will  probably  be  most  economical  to  connect 
them  by  direct  lines  to  the  exchange  in  a.  As  the  number  of 
subscribers  increases,  however,  a  time  will  arrive  when  it  will  be 
most  advantageous  to  establish  an  exchange  in  h  and  connect  to  it 
all  the  subscriber  telephones  in  this  town.  Then,  to  afford  means 
of  establishing  communication  between  the  two  towns,  a  numbe> 
of  lines  will  be  built  between  the  two  exchanges. 

The  point  at  which  it  l>econies  most  economical  to  open  a 
new  exchange  in  the  town  h  will  depend  on  the  following  factors: 
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Assiiining  the  qimlily  of  line  construction  to  be  standard,  tlie 
niuiiljer  of  telephones  tluit  could  Ik,'  most  econoniically  operated 
through  the  exchange  at  a  would  vary  inversely  as  the  distance 
between  the  two  towns.  It  would  vary  directly  with  the  cost  of 
estiiblishing  and  maintaining  an  exchange  at  ^,  which  would  itself 
depend  on  the  cost  of  rent  and  the  operator's  salary.  It  would 
be  influenced  also  by  the  number  of  communications  esUiblished 
between  the  two  towns. 

In  Fig.  65  the  numln-rs  1,  2,  3,  etc.  represent  the  subscriber 
stations  in  each  of  the  towns,  while  the  two  lines  e  and  e'  represent 
the  two  circuits  joining  the  exchanges.  The  lines  that  so  connect 
the  two  exchanges  are  called  trunk  lines.  When  a  toll  rate  is 
charged  f(»r  communicating  over  these  trunk  lines,  they  are  called 
toll  lines.  In  large  cities,  where  the  cost  of  line  construction  is 
higli,  it  is  advantiigeous  to  have  seveml  exchanges  connec'ted  by 
trunk  lines  as  shown  in  Fig.  G5. 

It  will  be  obvious  that  each  sul»scriher  line  may  1h'  connected 
to  as  many  telephones  as  it  will  carry  under  the  limitaitions  of 
transmission  aiul  signaling  descrilwd  above.  Such  an  arrange- 
ment would  be  obtained  by  extending  the  line  <?,  Fig.  G^i,  to  the 
exchange.  In  practice  this  is  constantly  done.  Exclusive  of  toll 
lines,  trunk  lines  never  terminate  in  more  than  two  stations,  one 
at  each  end.  Toll  lines,  on  the  other  hand,  are  sometimes  con- 
nected to  three  or  more  stjitions. 

In  the  most  advanced  practice 
the  location  of  the  business  and  its 
probable  growth  are  determined  be- 
forehand as  accurately  Jis  possible, 
and  the  distribution  of  subscriber 
lines  is  made  from  these  data.  In  this 
way  the  work  of  8ul)scriber-line  con- 
struction can  be  pushed  in  advance 
of  daily  needs.  The  largest  com- 
panies plan  subscriber-line  require- 
ments for  two  or  three  years  in 
advance  of  actual  needs.     Under  these 

conditions  the  subscriber  lines  are  built  to  predetermined 
points   of  distribution.      The   idea    will   be    better    understood 


Fig.  66. 


75 


66 


TELKPHONY 


by  reference  to  Fig.  66,  where  a  represents  an  exchange  situated 
in  a  hirge  town  or  city.  Let  1,  2,  3,  4,  and  5  represent  centers 
of  distribution,  that  is,  points  about  whicli  the  subscriber  tele- 
phones  cluster.     To  handle  this   business  properly,  lines,  whose 

number  would  depend  upon 
1234  56  7891011  ^j^g  numbcr  of  subscribers, 

would  be  run  out  to  these 
points  as  shown.  To  pro- 
vide for  cases  in  whicli 
more  than  one  telephone 
is  connected  to  a  circuit, 
some  of  the  lines  are 
equipped  with  branches  as 
]^  shown  at  J,  c,  d,  etc.  in  the 
a  figure.  These  branches  are 
made  in  two  ways.  Either 
a  certain  number  of  wires 
are  turned  aside  at  the 
branching  point,  or  the  re- 
quired number  of  wires  are 
bridged  off  the  lines  at 
that  point.  This  is  illus- 
trated in  Fig.  67,  where 
the  figures  1  to  11  repre- 
sent metallic  lines  emerg- 
ing from  an  exchange."  At 
the  point  a  the  lines  8  to 
11  are  turned  aside  and 
proceed  to  the  point  b. 
This  is  a  split  branch.  At 
Fig  67.  the   point   c   the    lines    1 

to  4  are  bridged  to  lines 
of  the  same  number  and  proceed  to  d.  This  is  a  bridging 
branch.  The  lines  1  to  7  proceed  to  the  main  point  of  distribu- 
tion e.  The  points  b  and  d  are  branch  points  of  distribution. 
Should  it  be  required  to  connect  a  subscriber  telephone  at  d  to  the 
same  line  as  is  already  connected  to  a  telephone  at  e,  this  could 
readily  be  done  by  connecting  the  two  telephones  to  one  of  the  lines 
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1  to  4.  Should  it  be  required  to  connect  a  subscriber  telephone  nt 
//  to  the  same  lino  U8  that  carrying  a  telephone  at  e  or  <f,  the  bi  idge 
would  liave  to  1)6  made  at  the  central  otlice.  This  is  sometimes  ad- 
vanUigeous.  The  centers  of  distribution,  whether  main  or  branch, 
should  he  so  located  that  the  distance  from  any  one  of  them  to  the 
most  remote  subscrilxir  telephone  is  not  over  300  feet.  In  most 
cases  this  can  bo  accomplished.  This  condition  enables  a  subscril^er 
ti'lephone  to  be  connected  to  the  exchange  by  merely  running  from 
it  a  line  to  tiie  distribution  {>oint.  Such  a  line  can  be  riui  in  from 
.',-hour  to  two  houre*  time,  and  can  be  readily  removed  at  small  cost 
siiouldoccasi(m  require.  This  litie  Is  called  the  bridle  or  drop  line. 
Looked  at  from  the  standpoint  of  distribution,  therefore,  telephone 
lines  are  divided  into  two  classes  :  Subscriber  lines  and  Trunk 
lines.     Each  partiikes  of  distinctive  features  to  be  described  later. 

LINE  CONSTRUCTION. 

The  subject  of  distribution  having  been  understood,  it  is  now 
time  to  consider  the  methods  adapted  for  line  construction  and  to 
describe  fully  the  nature  of  the  materials  required  in  this  work. 
I^H>ked  at  from  the  standpoint  of  construction,  telephone  lines  may 
1)6  divided  into  two  classes:  Open-wire  lines  and  Cable  lines. 
0|)en-wire  lines  are  those  in  whieh  eacli  wire  is  run  independently 
of  its  neighbors,  and  insulated  from  them  by  sufficient  air  space. 
The  wires  are  tied  to  glass  insulatoi-s  which  are  placed  on  wooden 
pins  set  in  holes  on  a  wooden  eross-arm.  This  cross-arm  is  fastened 
to  a  pole  set  in  the  ground,  and  at  a  sufficient  height  not  to  obstruct 
traitic.  Cable  lines  are  those  in  wiiich  the  wires,  each  insulated  by 
a  suitable  covering,  are  twisted  together  in  cable  form  and  securely 
Itound.  'i'he  cable  may  be  covered  with  a  layer  of  tajx;  saturated 
with  Uu\  or  may  be  encjised  iua  lead  pipe.  Both  classes  have  spe- 
<'ial  spheres  of  usefulness  and  are  of  equal  importance.  The  open- 
wire  line  is  used  almost  exclusively  in  country  districts,  and  to  a 
large  extent  in  suburban  districts.  It  is  also  usetl  in  small  cities 
and,  in  a  few  instances,  in  large  cities. 

'rhe  cable  line  has  the  sulvantage  of  being  capable  of  use  for 
either  overhead  or  underground  work.  In  Fig.  68  is  shown  the  top 
of.  a  pole  equipped  with  two  cross-arms,  each  accommodating  ten 
pins.     The  pole  is  shown  at  a,  and  the  two  cross-arms  at  b  and  e. 
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The  cross-arms  are  fastened  to  the  pole  by  means  of  bolts  which 
pass  through  the  pole,  being  secured  by  nuts  resting  on  washers  as 
shown  at/ and/'.  The  cross-arm  is  held  rigid  by  two  cross-arm 
braces/as  e  and  d,  which  are  secured  to  the  cross-arm  by  two  car- 
riage  bolts,  as  g  and  y\  and  to  the  pole  by  a  drive-screw,  as  h.  The 
spacing  of  the  cross-arms  is  2  feet  and  that  of  the  pins  12  inches. 
Upon  these  pins  are  placed  glass  insulators,  as  shown  at  t  and/. 
The  insulators  are  constructed  with  a  semicircular  depression 
as  shown,  which  is  for  the  reception  and  securing  of  the  wire. 


a^-  6/  e 
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Fig.  68. 

For  use  in  climbing  the  pole,  steps  are  driven  on  opposite  sides, 
as  shown  at  m  and  n.  The  cross-arm  bolts  with  their  washers,  the 
cross-arm  braces,  the  carriage  bolts,  the  drive-screws,  the  pole 
steps,  the  pins,  and  the  insulators  are  referred  to  as  pole  fittings, 
and  will  be  discussed  under  that  heading  in  this  book. 

The  Pole.  This  is  the  most  important  feature  of  the  o[»cn- 
wire  lints,  and  since  it  hiis  to  bear  the  load  of  ths  wires  under  all 
conditions  it  is  essential  that  the  wood  used  be  selected  with  tlie 
utmost  care.  In  America  the  following  woods  are  used  for  this 
purjmsc : 

Norway  pine lasts  6  yearn. 

Cliestiiiit "    10  years. 

Cypress    "    VI  years. 

Wliite  cedar  *'    10  years. 
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In  former  duys  white  cedar  was  the  favorite  w<kmI  among  tele- 
phone engineers  on  account  of  its  combination  of  strength  and 
hj^htness.  Chestnut,  however,  on  account  of  its  durability  and 
toughness,  is  coming  to  replace  cedar;  and  the  Hell  companies, 
in  building  new  lines  or  rebuilding  old  ones,  use  this  wood  almost 
exclusively.  Juniper  is  also  coming  into  favor,  being  used  exten- 
sively in  the  South.  Although  not  quite  so  strong  as  chestnut,  it 
gives  very  good  results. 

Everylx)dy  is  familiar  with  the  annual  rings  exhibited  by  a 
cross-section  of  a  tree  when  sawed  through.  These  are  caused  by 
the  ditference  in  the  rate  of  growtii  of  the  tree  in  spring  and  in 
autunui.  In  spring,  when  tiie  ground  is  soft  and  the  leaves  fully 
developed,  the  rate  of  growth  is  quicker  than  in  the  fall,  when  the 
conditions  are  the  reveree.  As  a  result  the  wood  grown  in  the 
earlier  season  is  less  dense  than  that  formed  under  more  advei"se 
conditions.  The  annual  rings  consist  therefore  of  nothing  more 
than  layei*s  of  porous  spring  wood  alternating  with  layei-s  of  dense 
fidl  wood.  Trees  planted  in  barren  soil  grow  less  rapidly  than 
those  in  more  fertile  "oil,  and  for  the  reason  explained  al)ove  con- 
tain a  greater  percentage  of  dense  wood.  They  are  what  Is  tech- 
nically known  as  "slow  growth"  timber  and  are  the  best  suited 
for  telephone  poles. 

Whatever  kind  of  wood  is  selected,  it  shouH  have  the  follow- 
ing qualities:  It  should  be  live  and  green,  reasonably  straight, 
well  proportioned  from  butt  to  top,  and  free  from  loose  knots,  and 
should  liave  the  hard  knots  trimmed  close.  The  pole  should  be 
squared  at  both  ends.  The  size  of  pole  required  will  depend  on 
the  number  of  wires  to  be  carried  and  on  the  height  of  the  ob- 
stacles, if  any,  to  be  overcome.  The  shortest  pole,  however, 
should  be  of  sufficient  height  to  have  the  lowest  wire  at  least  20 
feet  above  the  ground. 

The  size  of  the  diameter  of  the  pole  will  depend  uj^on  its 
height,  for  the  higher  the  pole  the  gieatt?r  the  load  it  will  ha^e  to 
support  and  therefore  the  greater  will  be  the  strength  required. 
Att€m[)t8  have  l)een  made  to  figure  out  the  required  sha|)e  and 
si/e  that  a  pole  must  have  to  be  of  the  most  economical  volume  to 
su{)[)ort  the  leiiuiivd  load.  Results,  however,  have  shown  that  if 
a  pole  has  the  ordinary  tu()er,  all  that  is  required  is  to  s|)ecify  that 
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it  shall  have  a  circumference  of  22  inches  at  the  top,  or  be  about 
7  inches  in  diameter.  The  diameter  at  the  butt  will  then  be  of 
the  proper  dimensions  no  matter  what  the  height  of  the  pole  may- 
be. The  following  table  gives  the  requisite  dimensions  of  cedar, 
chestnut,  and  juniper  poles  for  pole  lengths  ranging  from  30  to  90 
feet : 

TABLE  I. 

Pole  Dimensions. 
CEDAB  POLES. 


Length. 

ClBCDMPEBENCB 

ClBCUMFERBNCE  (i  FEET  FBOM 

AT  Top. 

Butt  not  less  than 

30  feet. 

22  inches. 

36  inches. 

35  '♦ 

22   " 

38   " 

40  '♦ 

22   " 

43   " 

45  " 

22   " 

47   " 

GO  " 

22   " 

50   " 

CHESTNUT  POLES. 


30  feet. 

22  inches. 

36  inches. 

35  " 

22   " 

40   " 

40  " 

22   " 

43   " 

45  •• 

22   " 

47   " 

.W  " 

22   " 

60   " 

.55  " 

22   " 

63   " 

«0  " 

22   " 

5«   " 

66  " 

22   " 

59   " 

70  " 

22   " 

62   " 

75  " 

22   " 

65   " 

80  " 

22   " 

69   " 

85  " 

22   " 

72   " 

90  " 

22   " 

75   " 

JUNIPER  POLES. 


.30  feet. 

22  inches. 

37  inches. 

35  " 

22   '« 

40   " 

40  " 

22   " 

44  " 

45  " 

22   " 

48   " 

50  " 

22  " 

62   " 

The  following  table  gives  the  weight  of  cedar  arid  Norway 
pine  poles  for  lengths  between  25  and  85  feet.  The  diameter  at 
the  top  for  the  cedar  poles  is  approximately  7  inches,  varying 
between  5  and  7  inches.  For  the  Norway  pine  poles  the  diameter 
of  the  pole  at  the  top  is  7  inches  in  every  case. 
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TABLE  II. 

Pole  WeiK^U. 
CKDAB  POLES. 


Lbnoth. 

DtAMKTKR  AT 

Tor. 

Wbioht. 

2S  feot. 

6  inches. 

200  pounds. 

26    *' 

0      •' 

276      " 

30    •• 

fl      " 

.326      '• 

80    •• 

7      " 

460      •• 

35    ♦• 

n     " 

500      •• 

.^5    " 

7       " 

600      •• 

40    " 

«       •• 

70<i      •• 

•JO    " 

7      " 

8lM»       •♦ 

4.-.    " 

«J      " 

950       *• 

45    " 

7       " 

1,1  (K>       " 

50    •* 

6      •• 

1,250       •• 

60    •♦ 

7      " 

1,450       '• 

65    " 

6      •' 

1,500       " 

65    •' 

7      " 

1,800       •' 

NOBWAT  PINE  POLES. 


40  feet. 

7  iDclies. 

1,100  pounds. 

45    " 

1,200      " 

50    " 

1,.%0      •• 

55    '• 

1,500       " 

fiO    " 

1,700       " 

65    •♦ 

2,000       '« 

70    •' 

2,400       •' 

76    " 

2.80f>       " 

RO    •• 

;j.40O       '• 

85    " 

3,800      *• 

Iij  Fig.  69  is  shown  a  staiidanl  pole  for  any  required  length. 
The  top  is  cut  into  a  wedge  shape  with  an  angle  of  90"  between 
the  two  .sides.  This  is  called  "  framing,"  and  is  done  to  throw  off 
water.  At  a,  a\  a",  etc.,  are  shown  rectangular  depressions  called 
]!:ains.  The  center  of  the  first  gain  is  10  inches  below  the  top  of 
the  pole,  and  the  succeeding  gains  are  24  inches  apart.  These 
gains  are  cut  in  a  vertical  line  down  one  side  of  the  pole,  with 
their  faces  at  right  angles  to  the  direction  of  the  wires.  The 
frame  at  the  top  of  the  pole  has  its  edge  parallel  to  the  direction 
of  the  wires.  The  gains  are  cut  4J  or  4.V  inches  broad  and  1|  inches 
deep.     They  are  for  the  reception  of  the  cross-arms. 

Many  attem[)ts  have  been  made  with  more  or  less  success,  to 
tr»*at  poles  artificially  .so  as  t<>  protect  them  against  the  action  of 
the  weather.     One  method  is  to  ex|jel  the  Siip,  and  fill  the  pores 
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with  creosote,  or  dead  oil  of  tiir.  Tlie  results  have  been  only 
mesisurably  successful,  iis  the  creosote,  though  suUliug  to  tlie  life 
of  the  pole,  reduces  its  strength.  The  general  practice  is  to  j)aint 
the  pole  thoroughly  after  it  hius  been  placed.  The  frame  and  the 
gains  are  treated  to  three  coats  of  the  best  white  lead. 

90*  The  point  at  which  the  jmle  is  most  liable  to 

decay  is  at  the  surface  of  the  ground.  This  is 
because  at  this  point  the  action  of  the  dampness 
ill  the  ground  and  in  the  air  is  greatest.  Various 
methods  have  been  devised  for  protecting  jmles  at 
this  point,  such  as  coating  with  tar  and  the  like, 
but  the  general  practice  today  is  to  depend 
altogether  on  paint.  Poles  should  l)e  cut  about 
one  year  before  they  are  to  be  used,  and  should 
be  peeled  of  bark  as  soon  as  possible  after  they 
are  cut.  Square  and  hexagonal  poles  are  same- 
times  used,  but  only  in  extraordinary  cases,  such 
as  when  passing  through  a  town  where  the  inliabit- 
ants  are  particular  about  appearances.  They  are 
usually  creosoted  though  sometimes  painted.  Poles 
occasionally  have  hollow  hearts,  by  which  term  is 
meiuit  the  condition  where  a  pole  has  decayed  at 
its  axis.  This  condition  is  very  hard  and  some- 
times impossible  to  detect,  but  on  the  other  hand 
does  not  materially  weaken  the  pole  until  it  has 
progressed  very  far. 

The  Cross-Arm.  The  cross-arm  is  next  in 
importance  to  the  pole,  and  the  utmost  care  should 
be  taken  in  the  selection  of  the  material  for  its  construction,  and 
»n  the  proper  design.  Three  kinds  of  wood  are  used  in  the  con- 
struction of  cross-anns  :  Norway  pine,  cypress,  and  yellow  pine. 
Tlie  same  dimensions  are  used  with  all  three.  Cross-arms  made 
out  of  Norway  pine  and  cypiess  are  painted^  but  when  yellow  pine 
is  used  they  are  usually  creosoted. 

The  process  of  creosoting  is  as  follows:  The  timber  is  sub- 
jected to  eitlier  live  or  superheated  steam  for  from  3  to  6  lujui-s, 
depending  on  the  condition  of  the  timber.  The  temperature  of 
the  timlx'r  must  not  exceed  250"  Fainenheit.     The  steam  is  then 
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withdrawn,  and  tlie  timber  placed  in  a  vacuum  of  26  inches  until 
thu  water  and  sap  have  lieen  removed.  The  chamber  containing 
the  timl)er  is  next  filled  with  the  dead  oil  of  tar  at  a  temperature 
of  not  less  than  120"  F  nor  more  than  250^  F,  and  pressure  is 
applied  until  the  requisite  amount  of  oii  hiis  been  forced  into  the 
timber. 
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Fig.  70. 

Cross-arms  are  of  two  sizes.  Tiio  Standard  cross*arni,  for 
g^eneral  use,  is  shown  in  Fig.  70.  The  Terminal  cross-arm,  for 
use,  as  its  name  indicates,  at  terminal  points,  is  sliown  in  Fig.  71. 
Whatever  the  kind  of  wood  used,  it  should  be  thoroughly  sesvsoned, 
straight-grained,  and  free  from  injurious  shakes  or  unsound  knots. 
Kef  erring  to  Fig.  70  the  elevation  of  the  cross-arm  is  shown  alx)ve, 
while  the  plan  is  shown  below.  The  length  over  all  is  10  feet. 
The  top  is  arched,  as  will  be  seen  iu  the  end  view  at  rf,  to  throw  off 
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Fig.  71. 

water.  A  sj>ace  0  inches  long  in  the  center  of  the  arm  is  flattened 
as  shown  at  c.  This  is  done  to  prevent  the  water  running  into  the 
gain.  The  pin  holes  are  shown  l)oth  in  plan  and  in  elevation  at  <r, 
a',  rt",  etc.  Tiieyarolj^j  inches  in  diameter  and  are  spaced  12 
inches  (»n  centei-s.  The  center  of  the  end  ])in  is  4  inches  fn»m  the 
end  of  the  arm.     The  distance  between  the  two  pins  nearest  tlie 
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pole  is  16  inches.  Looking  at  the  elevation  it  will  be  seen  that 
there  are  three  holes  bored  through  the  axis  of  the  arm.  One, 
shown  at  6',  is  |  inch  in  diameter  and  is  in  the  center  of  the  arm. 
The  other  two,  shown  at  b  and  6",  are  |  inch  in  diameter  and  are 
spaced  18?  inches  on  each  side  of  the  center  hole.  The  center 
hole  is  for  the  reception  of  the  cross-arm  bolt,  while  the  other  two 
are  to  receive  the  carriage  bolts  for  fastening  the  cross-arm  braces. 
The  cross-sectional  dimensions  of  the  arm  are  4  inches  high  by  8| 
inches  wide,  the  height  to  the  top  of  the  arch  being  4^  inches. 

The  terminal  cross-arm  is  shown  in  Fig.  71,  the  upp6r  view 
l>eiug  the  elevation,  while  the  lower  one  is  the  plan.  It  will  be 
seen  tlnit  the  length  over  all  is  8  ft.,  or  two  feet  shorter  than  in  case 
of  the  standard  cross-arm.  The  cross-sectional  dimensions  are 
larger  than  those  of  the  standard  arm,  being  3|  inches  wide  by  4^ 
inches  high,  with  a  height  of  4|  inches  to  the  top  of  the  arch. 
The  spacing  of  the  pin  holes  is  9  inches  as  against  12  inches  for 
the  standard  arm.  Three  holes,  shown  at  h,  h\  b",  are  bored  through 
the  axis,  having  the  same  dimensions  and  the  same  location  as 
those  already  shown  in  the  standard  arm.  The  terminal  cross-arm 
is  made  heavier  than  the  other,  for  the  reason  that  it  is  used  on  the 
pole  where  the  line  terminates,  and  has  therefore  to  bear  a  greater 
strain  than  the  arms  used  at  other  points  of  the  line.  In  shape 
and  method  of  construction,  the  terminal  cross-arm  is  the  same  jus 
the  standard.  The  pinholes  are  m  inches"  in  diameter,  for  the 
accommodation  of  a  larger-sized  pin  than  those  used  on  the  stand- 
a.d  arm. 

Pins.  Fins  used  in  tele[)h()ne  work  are  made  either  of  oak 
wood  or  of  locust.  Orange  wood  is  used  somewhat  throutrhout  tlu* 
Bouth  and  makes  a  very  good  j)in,  but  with  this  exce])tion  locust 
or  oak  wood  are  used.  Pins  are  of  two  classes  :  Standard  pins  and 
Transposition  pins.  Both  of  these  classes  of  pins  are  made  in 
two  sizes,  one  to  fit  the  holes  on  a  standard  cross-arm,  and  the  other 
to  fit  those  on  a  terminal  cross-arm.  In  Fig.  72  is  shown  a  stand- 
ard pin,  that  marked  A  being  for  a  terminal  closs-arm,  while  that 
marked  B  is  for  a  standard  cross-arm,  the  difference  between  tlie 
two  lying  solely  in  the  girth  dimensions.  The  upper  part  of  tlu; 
pin,  for  a  distance  of  2|  inches  from  the  top,  is  threaded  for 
the  reception  of  the  ghiss   insulator.      Below  the  threaded  por- 
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tion  is  a  taper-shaped  bnoU  c,  which  tenni nates  in  an  overhang 
shown  at  e.  The  part  below  tliis  is  in  the  form  of  a  conical-shaped 
shank*  with  its  greatest  diameter  alx)ve  and    its  snialh^st  below. 
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Fig.  72. 
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The  shank  a  or  h  is  introduced 
into  the  hole  on  the  cross-arm, 
and  niikes  a  Iriiiding  fit  when 
the  overhang  e  touches  the  top 
of  the  arm.  This  overhang  is 
designed  to  throw  off  water  and 
prevent  its  running  down  into 
the  hole.  To  hold  it  securely 
to  the  arm  a  tenpenny  nail  is 
driven  through  the  side  of  the 
cross-arm  and  the  pin. 

A  transposition  pin  for  a 
standard  and  a  terminal  cross- 
arm  is  shown  in  F'ig.  73.  It 
will  be  ol)sei-ved  that  the  main 


difference  between  the  transixjsition  pins  and  the  standard  pins  lies 
in  the  fact  that  the  threaded  portion  is  longer  in  the  former  thim 
in  the  latter.  The  standard  pin 
is  threaded  to  a  point  2 J  inches 
from  the  top,  while  the  transpo- 
sition pin  is  threaded  to  a  point 
%\  inches  from  the  top.  The 
extra  amount  of  threaded  sur- 
face on  the  transposition  pin  is 
for  the  accommodation  of  the 
transposition  insulator,  to  be 
.shown  directly.  The  diameter 
of  the  threaded  portion  of  tha 
pins,  whether  transposition  or 
standard,  and  whether  used  on  a 
standard  or  on  a  terminal  cross- 
arm,  is  only  one  inch,  the  object, 
being  to  obviate  the  necessity  of 
having  two  sizes  of  insulators.  The  strain  on  a  pin  comes  on  the 
sfction  just  below  the  overhang  or  hootl,  so  that  there  is  nonecessit} 
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of  increasing  the  diameter  of  the  thiciideil  portion  on  the  pins  used 

on  a  terminal  cross-arm. 

Insulators.     VVitii  the  exception  of  that  portion  of  the  line 

known  as  the  drop  line  or  bridle  wire,  the  material  used  in  America 

in  making  insulators  is  ghiss.     In  Europe,  porcelain  is  used  more 

extensively.      Porcelain   has   some    advantages   over  glass   as   a 

material  for  makinginsulators,  and  on  the  other  hand,  glass  possesses 

some  ad vantiiges  over  porcelain.     Porcelain,   when  new,  has  an 

insulation  resistance  about  5  or  6  times 

greater  tiian  that  of  glass.     However,  in 

cities  or  near  factories  or    railroads,  the 

insulators  soon  become  coated  with  a  thin 

film  of  dust,  so  that  the  insulating  powers 

of  the  two  materials  soon  become  equal. 

Porcelain  is  more  expensive  than  glass,  and 

its  glazed  suiface  soon    becomes  cracked 

under  the  influence  of  cold,  thus  allowing 

rain  to  soak  into  the  interior  portion  and 
Fig.  74,  ^ 

greatly  reduce  the  insulating  power.  Porce- 
lain is  more  durable  than  glass  and  less  likely  to  succumb  to 
meclianical  injury.  It  is  also  less  hydroscopic;  that  is  to  say,  it 
does  not  so  readily  condense  the  moisture  in  tlie  air  into  a  thin 
film  on  its  surface.  Glass,  however,  possesses  one  peculiar  advan- 
tage over  porcelain,  which  in  America  it  is  not  well  to  overlook. 
Cocoons  and  spider  webs  are  much  less  likely  to  form  on  gljuss 
insulators  than  on  porcelain  because  glass  is  transparent  and  does 
not  offer  the  shade  that  seems  to  be  desired  by  worms  and  spiders 
for  tliis  work.  The  fact  that  glass  is  cheaper  than  porcelain  and 
offei-s  quite  as  good  a  resistance  under  every-day  working  conditions, 
has  caused  engineers,  to  adopt  it  generally  for  open-wire  line 
construction. 

Various  forms  of  glass  insulators  have  been  put  on  the  market 
from  time  to  time,  each  possessing  advantages ;  but  after  much 
experience  the  form  shown  in  Fig.  74  has  been  found  to  be  tlie 
best  suited  for  general  use.  It  is  made  as  light  as  possible  consis- 
tent with  strength  and  durability,  and  is  of  such  a  shape  as  to 
secure  the  wire  properly  and,  in  addition,  offer  the  greatest  insula- 
tion re.sistance.     In  shape  it  is  like  a  thick  inverted  cup,  with  a 
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heavy  bottom  a.  The  bottom  is  bored  out  and  threaded  as  shown 
at  by  U)  receive  the  threads  on  the  pin.  Around  the  8i<le8  is  a 
seinicircuhir  depression  f  c\  which  is  designed  to  receive  the  wire. 
The  side  of  tlie  cup  d  d\  called  the  "  petticoat,"  is  brought  down  a 
gof>d  distjtiice  to  offer  as  hing  a  path  as  pfjssible  over  the  surface 
of  the  glasi  to  the  pin.  When  screwed  on  the  pin,  the  hood  occu- 
I)ies  the  grct'ter  j)ortion  of  the  space  f,  so  that  the  current,  in 
order  to  reacli  the  ground,  must  pass  down  the  outside  of  the 
glass,  around  the  edge,  and  up  on 
the  inner  side  to  tlie  pin.  In- 
sulation resistance  like  any  other 
resistiince  increases  with  the  length 
of  the  path  travereed.  Hence  the 
necessity  of  bringing  the  sides  of 
the  insulator  as  far  down  as 
possible.  The  sides  of  the  insula- 
tor also  form  a  shield  for  the  i»in, 
and  protect  it  from  niin.  The 
princi[)al  dimensions  are  given  in 
the  diagram. 

In  Fig.  75  is  shown  the  most 
genei-ally  adopted  form  of  trans- 
position insulator.  It  consists  in 
substance  of  two  glasses,  one  above 
the  other,  each  one  being  of  the 
same  general  design  illustrated  in  Kig.  74. 


Fig.  75. 


The  lower  glass  h  is 
screwed  on  the  pin  first,  a  hole  in  its  top  allowing  it  to  descend 
to  the  bottom  of  the  thread.  The  upper  one  is  then  screwetl  into 
place.  The  upper  one  should  be  so  designed  that  when  screwed 
tight  a  space  of  5^j  inch  will  exist  between  its  lower  surface  and  the 
upper  surface  of  the  lower  ghiss.  By  this  means  the  surface  path 
to  ground  is  broken  and  the  insulation  resistance  increa.sed. 
Transposition  glasses  are  sometimes  made  in  one  piece,  but  they 
fail  in  so  far  as  they  do  not  possess  this  feature. 

Pole  Fittings.  —  Cross-Arm  Bolts.  As  has  alrejidy  l)ocn  said, 
the  cn)8S-arni  is  fastenc«l  to  the  pole  by  nutans  of  a  cross-arm  IkiR. 
In  Fig.  70  is  shown  a  stindard  cross-arm  bolt  It  is  aui  iiim  Udt 
made  of  ^inch  stock  and  cut  with  a  stmdard  thread  to  a  point  6 
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inches  from  one  end.     It  is  made  in  five  sizes  of  the  following 
lengths:  10-inch,  13-inch,  14-ihch,  15-inch,  and  16-inch,  to  be  used 
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Fig.  76. 

accordmg  to  the  size  of  the  pole.  The  liead  of  the  bolt  is  1  inch 
square  and  |-  inch  thick,  and  the  nut  is  |  inch  thick  and  1  inch 
square.  It  is  thoroughly  galvanized,  mcluding  the  thread.  In 
Fig.  77  is  shown  an  iron  washer  2|  inches  by  2 1  inches  and  of 
A-inch  stock  thoroughly  galvanized.  Through  its  center  is  a  hole 
a'' of  |-inch  diameter.  Two  of  these  washers 
are  used  with  each  bolt,  one  to  go  under 
the  head  and  the  other  under  the  nut. 

Cross- Arm  Braces.  In  Fig.  78  is 
shown  a  cross-arm  brace.  It  is  made  out 
of  iron  or  low  carbon  steel  thoroughly 
galvanized,  28  inches  long,  1^  inches  wide, 
and  ^  inch  thick.  One  inch  from  each 
end  is  a  hole,  that  at  one  end  being  ^|  inch  in  diameter  for 
the  reception  of  the  fetter  drive-screw  which  holds  it  to  the  pole, 
and  the  other  ^|  inch  in  diameter  for  the  reception  of  the  carriage 
bolt  which  secures  it  to  the  cross-arm. 

Carriage  Bolts.    In  Fig.  79  is  shown  a  carriage  bolt.     It  is 
made  in  two  sizes,  one  4  inches  long  for  use  on  standard  arms,  and 
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the  other  4|  inches  long  for  use  on  terminal  arms.  One  end  is 
threaded  to  a  length  of  1|  inches  for  the  accommodation  of  a  nut. 
In  connection  with  this  bolt  are  used  two  iron  washers  of  the  type 
shown  in  Fig.  80 :  they  are  1|  inches  in  diameter  and  ^  inch  thick, 
with  a  half-inch  hole  in  the  center.     Both  carriage  bolt  and  washers 
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are  thoroughly  jralvjinized.     One  washer  is  placed  under  the  lj<»lt- 
head,  and  tlu'  other  under  the  nut. 

Fetter  Drive-Screws.  In  Fig.  81  is  shown  a  fetter  drive- 
screw.  It  is  made  of  low  car- 
bon steel  thoroughly  galvanized, 
and  threaded  to  a  point  about 
3  inches  from  the  end.  The 
end  is  pointed  so  that  it  may  be 
driven  into  the  wood  with  a  hammer.  These  screws  are  used  to 
fasten  the  cross-arm  braces  to  the  pole. 

Pole  Steps.  In  Fig.  82  is  shown  a  pole  step, 
thoroughly  galvanized  iron  or  low  carbon  steel 
10  inches  long  and  of  |-inch  stock.  One  end 
is  turned  up  as  shown  at  a,  to  prevent  the 
foot  from  slipping  off  as  the  pole  is  asceinled 
or  descended.  The  other  end  is  cut  with  a 
fetter  thread  for  a  distance  of  about  3  inches, 
and  the  end  is  pointed  so  that  it  may  be  driven 
ii>to  the  pole. 

Under  the  head  of  pole  fittings  comes  a  lot  of  apparatus  that 
will  be  described  now,  but  whose  method  of  use  will  be  touched 

on  later.     In  this  lot  are  the  fol- 
y-rr-i              I  ^  h -.  ^^  ^^^.^!    lowing  articlcs :  guy  rods,  thimbles^ 
T.M — IE — iLaX\X\XjlX>    rock  eye-bolts,    and    guy  clamps. 
'*^ii  *''~  'i  ~~^                              These  articles  are  used  in  strength- 
Fig.  81.                        ening  a  pole  line  against  excessive 
strains. 
Quy  Rods.     In  Fig.  83  will  be  seen  a  standard  guy  rod.     It  is 
made  of  |^-inch  iron  thoroughly  galvanized,  and  h:is  one  end  threaded 
for  a  distance  of  3  inches.     The  opposite  end  is  bent  into  the  form 
ht 10" ^ 
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of  an  "  eye  "  and  welded  at  n.     The  length  over  all  is  8  feet.     In 
practice  this  rod  is  used  to  secure  guy  wires  to  the  ground. 

Thimbles.     A  standard  thimble  is  of  the  shape  and  dimen- 
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sioiis given  in  Fij^.  H4.     It  is  made  of  miiUeable  iron  thoroughly  gal- 
van  izt*d.     Its  use  will  be  explained  later. 

Rock  Eye-Bolts.     In  Fig.  85  is  shown  a  standard  rock  eye- 
l)olt.     It  is  made  of  a  bar  of  |  inch  wrought  iron  thoroughly  gal- 


vanized, and  bent  double  so  as  to  form  an  eye  at  a.     The  length 
when  formed  is  24  inches.     Its  use  will  be  explained  later. 

Quy  Clamps.     The  standard  gny  clamp,  used  in  sccuriiiggny 
wire,  is  shown  in  Fig.  80.     It  consists  of  two  pieces  of  malleable 


Fig.  84. 

iron  thoroughly  galvanized,  and  held  together  by  three  bolts.  The 
adjacent  surfaces  of  these  two  pieces  are  cut,  each  with  two  pecu- 
liarly shaped  grooves,  shown  in  section  at  a  ft,  a'  b'  ,and  in  plan  at  d 
and  e.  Each  one  of  these  grooves  is  tapered.  The  two  grooves  on  one 
I)iece  taper  in  opposite  directions.  When  the  two  pieces  are  placed 
together,  each  groove  tapers  in  the  opposite  direction  to  tliat  one 
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directly  over  it.  In  this  way,  when  the  boltM  are  tightened,  u  bind, 
ingstniiii  is  phued  uixm  the  guy  wiiv,  hohling  it  iinnly.  The  de- 
tail uf  the  bolt  and  nut  is  shown  in  Fig.  8Ga.  The  clamp  assembletl 
is  shown  in  Fig.  HGb. 

Laying  out  the  Line.     Before  constructing  a  pole  line  the 
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first  work  is  to  determine  tlie  most  feasible  rojite  t^)  be  ftillowod. 
In  (hiing  t!iis  a  great  many  factors  have  to  be  taken  into  consider- 
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ation.  In  general  the  shortest  route  should  be  selected.  In  doing 
this,  however,  the  nature  of  tiie  groun<l  should  not  be  overlooked. 
Very  hard,  rocky  ground  is  to  be  avoided  owmg  to  the  amount  of 
blasting  and  hard  work  it  entails  in  digging  the  holes.  On  the 
other  hand  very  soft  earth,  such  as  marsh  or  swampy  ground, 
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slinuld  be  avoided  on  account  of  the  cost  and  delay  in  building 
artificial  foundations,  and  also  on  account  of  the  liability  of  the 
poles  to  settle  and  fall  in  spite  of  the  best  of  foundations.  The 
best  soil  for  a  pole  line  is  either  sharp  sand,  or  loamy  or  clayey  soil, 
on  account  of  the  ease  in  digging  g-nd  the  firmness  with  which  it 
can  be  packed  down  when  the  pole  is  set. 

Tliere  is  another  factor,  however,  which  is  far  moie  potent  in 
deciding  the  course  of  a  pole  line,  and  it  is  one  wliich  does  not  lend 
itself  to  any  matlieniatical  solution.  That  is  the  right  of  way. 
Before  a  pole  line  can  be  built  on  a  road  or  public  thoroughfare, 
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the  consent  of  the  property  owners  along  the  road  must  be  obtained 
or  a  franchise  from  the  town  or  city  must  be  had.  In  the  major- 
ity of  cases,  particularly  in  small  towns  and  in  the  country,  both 
must  be  obtained.  The  right  of  way  should  also  include  the  right 
to  trim  ariy  and  all  trees  that  may  protrude  their  branches  through 
the  line.  The  route  to  be  selected  is  the  best  one  according  to  the 
above  considerations  along  which  a  right  of  way  can  be  obtained. 
The  route  having  been  selected,  the  next  work  is  to  lay  off 
di.stances  of  130  feet  and  drive  a  stake  in  the  ground  at  the  end  of 
each  distance.  Suppose  that  the  problem  is  to  lay  out  a  pole  line 
along  the  road  shown  in  Fig.  87,  in  which  the  road,  more  or  less 
crooked,  is  represented  as  crossing  a  river  a.  Suppose  that  the 
x-marks  with  their  accompanying  numbers  indicate  the  position  of 
the  stakes.  First  of  all,  the  curb  line  must  be  well  defined,  or  else 
a  series  of  offsets  must  be  taken  from  tlie  building  line  to  have 
the  poles  properly  located,  just  inside  of  the  curb  line.  Except  in 
a  few  isolated  cases  the  curb  line  is  well  eriough  defined  for  all 
practical  purposes.  Supposing  this  to  be  the  case,  the  start  is 
made  at  pole  No.  1,  presumably  just  outside  of  the  office.  A  dis- 
tance of  130  feet  is  measured  off  and  at  its  extremity  a  second 
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stake  is  driven  for  pole  No.  2.     This  process  is  continued  until  the 
river  is  reached. 

In  approaching  the  strejim  great  care  slitmM  ho.  taktMi  to  note 
the  condition  of  the  biuik. 
If  the  bank  be  low  and 
marshy  the  Isist  pole  should 
not  \ie  placed  very  near 
the  water.  If,  however, 
tiic  iKink  is  hi(,di  and  firiu, 
the  last  pole  may  bt*  placed 
5is  near  the  edge  as  possible. 
In  approaching  the  river 
bank,  pole  6  happens  to  be 
so  located  that  the  space 
between  it  and  pole  8  is 
greater  than  130  feet. 
Rather  than  have  an  extra 
long  span  at  this  point,  an 
additional  pole  is  placed  at 
X  7,  midway  between  x  6 
and  X  8.  This  arrange- 
ment helps  to  support  pole 
6,  which  support  is  probably 
needed  in  view  of  an  extra 
long  span  across  the  river. 
When  the  river  is  very 
wide,  say  from  250  to  400 
feet,  and  is  shallow  in  addi- 
tion, a  pole  is  sometimes 
placed  in  the  center  if  there  is  no  navigation  to  be  interfered  with. 
Single  spans  of  more  than  250  feet  across  a  stream  are  not  {)er- 
missible,  except  with  special  construction  to  l)e  described  later. 
Where  the  river  is  deep  enough  for  navigation,  it  is  l)est  to  itse  a 
cable  of  special  construction  laid  on  or  under  the  bottom.  This 
I)oint  will  l)e  dwelt  on  below. 

In  the  straight  reach  between  poles  8  and  16  care  should  be 
taken  to  locsite  the  intermediate  poles  in  line.  This  can  be  done 
by  having  a  third  man  stiitioned  at  x  16  to-  sight  back  towards 
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should  be  avoi<led  on  account  of  the  cost  and  delay  in  building 
artificial  foundations,  and  also  on  account  of  the  liability  of  tiie 
poles  to  settle  and  fall  in  spite  of  the  best  of  foundations.  The 
best  soil  for  a  pole  line  is  either  sharp  sand,  or  loamy  or  clayey  soil, 
on  account  of  the  ease  in  digging  and  the  firmness  with  which  it 
can  be  packed  down  when  the  pole  is  set. 

There  is  another  factor,  however,  which  is  far  moie  potent  in 
deciding  the  course  of  a  pole  line,  and  it  is  one  wliich  does  not  lend 
itself  to  any  mathematical  solution.  That  is  the  right  of  way. 
Before  a  pole  line  can  be  built  on  a  road  or  public  thoroughfaie, 
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the  consent  of  the  property  owners  along  the  road  must  be  obtained 
or  a  franchise  from  the  town  or  city  must  be  had.  In  the  major- 
ity of  cases,  particularly  in  small  towns  and  in  the  country,  both 
must  l>e  obtained.  The  right  of  way  should  also  include  the  right 
to  trim  aiiy  and  all  trees  that  may  protrude  their  branches  through 
the  line.  The  route  to  be  selected  is  the  best  one  according  to  the 
above  considerations  along  which  a  right  of  way  can  be  obtained. 
Tlie  route  having  been  selected,  the  next  work  is  to  lay  ofif 
distances  of  130  feet  and  drive  a  stake  in  the  ground  at  the  end  of 
each  distiince.  Suppose  that  the  problem  is  to  lay  out  a  pole  line 
along  the  road  shown  in  Fig.  87,  in  whicli  the  road,  more  or  less 
crooked,  is  represented  as  crossing  a  river  a.  Suppose  that  the 
x-marks  with  their  accompanying  numbers  indicate  the  position  of 
the  stiikes.  Fiist  of  all,  the  curb  line  must  be  well  defined,  or  else 
a  series  of  offsets  miLst  be  taken  from  tlie  building  line  to  have 
the  poles  properly  located,  just  inside  of  the  curb  line.  Except  in 
a  few  isolated  cases  the  curb  line  is  well  enough  defined  for  all 
practical  purposes.  Supposing  this  to  be  the  case,  tlie  start  is 
made  at  pole  No.  1,  presumably  just  outside  of  the  office.  A  dis- 
tance of  130  feet  is  measured  off  and  at  its  extremity  a  second 
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stake  is  driven  for  pole  Xo.  2.     Tlu^  process  is  continued  until  the 
river  is  reached. 

In  approaching  tl»e  streiim  great  care  should  bo  taken  to  note 
the  condition  of  the  biUik. 
If  the  bank  be  low  and 
luarshy  the  last  pole  should 
not  1)6  placed  very  near 
the  water.  If,  however, 
the  Imiik  is  hip^li  and  firm, 
the  last  pole  may  Ix'  placed 
iis  near  the  edge  as  possible. 
In  approaching  the  river 
bank,  pole  6  happens  to  be 
so  locate<l  that  the  space 
between  it  and  pole  8  is 
greater  than  130  feet. 
Rather  than  have  an  extra 
long  span  at  this  jwint,  an 
additional  pole  is  placed  at 
X  7,  midway  between  x  6 
and  X  8.  This  arrange- 
ment helps  to  support  pole 
6,  which  support  is  probably 
needed  in  view  of  an  extra 
long  span  across  the  river. 
When  the  river  is  very 
wide,  say  from  250  to  400 
feet,  and  is  shallow  in  siddi- 
tion,  a  pole  is  sometimes 
placed  in  the  center  if  there  is  no  navigation  to  be  interfered  with. 
Single  spans  of  more  than  250  feet  across  a  stream  are  not  |)er- 
missible,  except  with  special  construction  to  be  described  later. 
Where  the  river  is  deep  enough  for  navigation,  it  is  l)est  to  use  a 
cable  of  special  construction  laid  on  or  under  the  bottom.  This 
I)oint  will  l)e  dwelt  on  below. 

In  the  straii^ht  reach  between  poles  8  and  16  care  should  be 
taken  to  locate  the  intermetliate  poles  in  line.  This  can  be  done 
by  having  a  third  man  stationed  at  x  16  to*  sight  back  towards 
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X  10  and  keep  in  line  the  intermediate  stakes.  Wherever  a  sharp 
turn  occurs,  as  at  pole  29,  the  pole  should  be  placed  at  the  point 
of  turning;  where  the  turn  is  less  abrupt,  as  between  x  16  and 
X  22,  this  practice  is  not  necessary.  Between  x  33  and  x  34  it 
will  be  seen  that  the  line  crosses  from  one  side  of  the  road  to  the 
other.  This  is  often  necessary,  where  it  is  impossible  to  secure  a 
continuous  right  of  way  on  one  side  of  the  road.  This  crossing 
over  is  sometimes  done,  also,  to  avoid  trees  or  other  obstructions. 
A  crossing  should  always  be  made  at  an  angle  of  45"  with  the 
line  of  the  road. 

When  the  line  is  built  beside  a  railroad  track,  the  poles 
should  be  set  at  a  distance  of  at  least  12  feet  from  the  rail.  If 
there  should  be  a  clear  space  between  the  top  of  the  rail  and  the 
lowest  cross-arm  of  22  feet  or  more,  the  poles  may  be  set  at  a  dis- 
tance of  not  less  than  7  feet  from  the  rail. 

lu  cities,  poles  should  be  set  at  the  corners  of  intersecting 
streets  so  as  to  admit  of  guying.  At  road  crossings  the  lowest 
cross-arm  should  be  at  least  18  feet  above  the  crown  of  the  road. 
No  electric  light  or  power  wires  should  ever  be  placed  above  a 
telephone  line,  as  in  case  of  breakage  they  would  fall  across  the 
latter  and  do  serious  damage.  By  placing  them  beneath  the  tele- 
phone lines  this  danger  is  avoided,  and  the  only  way  in  which  the 
telephone  lines  can  become  entangled  with  the  high-tension  cir- 
cuit is  Toy  themselves  breaking.  No  power  or  trolley  wire  should 
ever  be  nearer  than  6  feet  to  the  nearest  telephone  wire. 

Before  going  into  the  method  of  setting  poles,  a  word  should 
be  said  upon  the  subject  of  placing  cross-arms  and  guying.  On 
straight  runs,  cross-arms  are  placed  on  alternate  sides  of  the  pole 
as  shown  in  Fig.  88.  Starting  with  pole  No.  1,  the  cross-arm  is 
placed  on  the  side  of  the  pole  opposite  to  the  direction  of  the  line. 
At  pole  2,  the  cross-arm  is  placed  on  the  opposite  side.  At  pole 
3  the  position  is  again  reversed,  so  that  the  cross-arm  on  this  pole 
and  on  pole  2  are  pl.aced  on  adjacent  sides.  This  process  is  con- 
tinued for  straight  runs.  On  long  curves  the  cross-arms  are 
placed  on  the  side  of  the  pole  facing  the  middle  point  of  the 
curve  as  shown  at  6,  7,  8,  9  and  10,  the  middle  point  lying 
l)etween  jx)les  7  and  8.  At  pole  10  a  straight  run  lx;gins  again, 
and  the  cross-arm  is  placed  ou  the  side  opposite  the  direction  of 
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tlic  run.  At  ciossingSf  as  Ijetweeii  poles  11  and  12,  the  ci-oss-arms 
are  placed  on  the  sides  facing  the  croi^sing.  The  point  to  be 
aimed  at  in  placing  a  cross-arm  is  to  have  the  pole  inter|K)sed 
between  the  cross-arm  and  the  point  from  which  the  strain  conies. 
On  a  stmiglit  run  the  pull  comes  from  both  ends, 
so  that  the  cross-arms  must  be  placed  on  alternate 
sides.  As  soon  as  the  line  begins  to  curve,  however, 
the  curved  portion,  from  the  fact  ih.it  it  changes  its 
dii-ection  at  every  point,  ceases  to  be  effective  in  pull- 
ing against  the  straight  section,  so  that  the  strain  at 
the  curve  is  toward  the  straight  section.  As  a  re- 
sult the  cross-arm  must  be  i)laced  on  the  side  of  the 
pole  facing  the  middle  point  of  the  curve. 

In  addition  to  supporting  the  weight  of  the  wires, 
the  pole  must  also  withstand  the  horizontal  strains, 
and  when  tliese  become  excessive  it  must  be  rein- 
forced or  strengtiiened.  This  reinforcing  is  called 
guyingf.  The  principle  of  guying  will  be  touched 
on  here.  If  a  curve  is  situated  at  the  end  of  a  straight 
run,  as  between  poles  5  and  10,  the  tendency  of  the 
strain  on  the  wires  is  to  pull  the  poles  on  the  curve 
towards  the  center  of  the  curve.  A  veiy  simple 
experiment  will  prove  this  fact.  Set  up  three  or  four 
pins  on  the  arc  of  a  circle.  Rigidly  fasten  one 
end  of  a  string  and  draw  it  around  the  pins, 
bringing  the  end  out  straight.     Grasp  the  end 
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Fig.  88. 


and  pull.  The  string  tends  to  assume  a  straight  path  between 
the  point  where  it  is  rigidly  held  and  the  hand,  and  in  so  doing  it 
will  drag  the  pins  over  towards  the  center  of  the  arc.  To  over- 
come this  I'fft'tt  the  poK's  on  a  curve,  as  tl,  7,  8,  9  and  10  in  Kig. 
88,  are  fiistened  by   mciins  of  stout   wire  rope   to  anchor  logs 
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shown  at  a',  n'\  «'",  «""  and  h.  These  anchor  logs  are  short 
poU>8  planted  firmly  in  the  ground.  Pole  5  at  the  end  of  the 
Straight  run  is  guyed  to  the  anchor  log  A  to  prevent  its  being 
pulled  in  the  direction  of  the  line.  Pole  10  being  at  the  begin- 
ning of  a  straight  run  is  guyed  to  the  anchor  log  B,  and,  being 
the  last  pole  on  the  curve,  is  also  guyed  to  the  anchor  log 
h.  At  the  crossing  pole  12  is  guyed  to  <?,  and  pole  \1  to  d.  A 
head  guy  is  one  placed  so  as  to  resist  the  pull  towards  pole  1. 
A  back  guy  is  one  so  placed  as  to  resist  a  pull  in  the  opposite 


Fig.  89. 

direction,  as  at  the  beginning  of  long  spans.  Thus  in  Fig.  87 
pole  7  and  possibly  pole  8  would  be  back-guyed  to  resist  the 
pull  of  the  span  across  the  river.  A  side  guy  is  one  so  placed  as. 
to  resist  a  pull  in  a  direction  at  right  angles  to  the  direction  of 
the  line.  Thus  m  Fig.  88  the  guys  on  poles  6,  7,  8  and  9  are 
side  guys. 

In  passing  through  hilly  country  care  should  be  taken  to 
keep  the  tops  of  the  poles  as  nearly  level  as  possible,  which  is 
accomplished  by  placing  the  longest  poles  in  the  lowest  places, 
and  the  shortest  ones  in  the  highest  places.  An  exaggerated 
example  of  this  condition  is  shown  in  Fig.  89,  where  the  figures 
1,  2,  3,  4,  etc.,  indicate  poles  placed  in  hilly  ground.  The  tension 
on  the  wires  at  the  lowest  pole  a  tends  to  lift  them  up  in  the  air 
and  might  under  severe  conditions  pull  the  wires  loose  from  their 
fastenings.  This  effect  is  overcome  by  the  arrangement  shown  in 
Fig.  90,  in  which  the  poles  increase  in  length  as  the  hill  is  de- 
scended, the  wires  themselves  being  run  in  a.  very  nearly  horizon- 
tal direction.  Under  these  conditions  the  pples  should  be  so 
spaced  that  the  lowest  point  of  the  hollow  comes  in  the  middle  of 
a  span. 

In  building  a  pole  line  through  a  very  hilly  country  a  profile 
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limp  of  the  country  should  lie  made  or  should  be  obtained  from  the 
township  authorities.  A  map  that  will  suit  the  pur{>ose  can  be 
made  by  the  use  of  a  little  superficial  knowledge  of  land  survey- 
ing. All  that  is  necessary  in  the  way  of  apparatus  is  a  surveyor's 
theodolite  and  a  leveling  pole.  They  are  used  in  the  following 
way:  The  theodolite  is  set  up  midway  Ijetween  stake  No.  1  and 
stake  No.  2,  and  an  assistant  stations  himself  at  the  former  with 
the  leveling  pole.  The  leveling  pole  is  sighted  and  the  point  of 
intersection  marked.     The  pole  is  then  set  up  at  stake  2  and 


Pig.  90. 

again  sighted  through  the  theotlolite,  the  point  of  intersection 
being  again  marked.  The  distance  on  the  pole  between  these  two 
points  gives  the  difference  in  level  between  stake  1  and  stake  2. 
This  process  shouhl  1x3  repeated  for  all  stakes  lying  within  this 
territory.  The  poles  to  be  set  are  then  graded  in  length  to  meet 
the  requirements.  It  is  not  necessary,  anil  it  would  be  impossible 
in  some  localities,  to  maintain  the  tops  of  the  poles  at  a  constant 
level ;  but  sudden  and  very  marked  changes  in  level  should  be 
avoid^''. 

Setting  and  Equipping  Poles.  The  line  having  lieen  laid 
out  and  the  stakes  driven,  the  next  piece  of  work  is  t(»  dig  the 
holes.  The  method  of  so  doing  depends  upon  the  nature  of  the 
ground.  Where  the  ground  L*  rocky,  bhisting  must  be  resorti'd 
to.  If  the  line  hjis  been  properly  laid  out,  however,  this 
should  very  seldom  be  the  cjise.  Blasting  is  usually  done 
with  a  hand  drill  and  a  small  charge  of  dynamite.  The  tools  used 
in  digging  are  shown  in  Figs.  91,  92,  and  93.  In  Fig.  93  is  shown 
a  combined  crow  and  digging  Ixir,  one  end  of  which,  i,  is  sharpened 
for  digging  up  the  earth,  and  the  other  end, «,  is  broadened  out  for 
tiimping  down  the  earth  iis  it  is  being  filled  in  around  the  fwle.  In 
digging,  the  earth  is  first  loosened  up  with  the  sharp  end  of  the 
bir,  and  when  this  has  been  done  sufficiently    it  is  excavated  by 
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means  of  the  sharp- pointed  shovel  shown  in  Fig.  92.  As  the 
hole  becomes  deeper  the  spoon-shaped  shovel  shown  in  Fig.  91  is 
brought  into  play,  as  this  is  specially  designed  for  lifting  the  earth 


Fig.  91.  Fig.  92.  Fig.  93. 

out  of  the  hole.  In  diameter  the  hole  should  exceed  that  of  the  pole 
by  about  4  or  5  inches,  and  the  depth  should  vary  with  the  height 
of  the  pole  to  be  placed.    The  following  table  is  a  safe  one  to  follow  : 

TABLE  III. 

Pole  Setting. 


Length  of  Pole. 

Depth  in  Ground. 

25  feet. 

5  feet. 

30  " 
36  " 

6   '« 

40  " 

6  " 

45  '• 
50  '• 

6J  «• 

7   " 

55  " 
60  •' 

7i-  " 
8   " 

65  •• 
70  " 

8i  •• 
if   " 

75  " 
80  " 

10   " 

85  " 
90  " 

lOi  " 

11  " 
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The  hole  should  be  of  the  same  diameter  at  the  bottom  as  it 
is  at  the  t«»p.     Where  the  ground  is  very  soft  it  is  necessary   to 

construct  an   artificial    foundation    for  f\ 

the  pole  to  re©t  in.     This  is  done  in  one 
of  three  ways  which  are  equally  good. 


and  which  are  illustrated  in  Figs.  94, 
95,  and  9C.  In  the  method  shown  in 
Fig.  94  the  hole  is  dug  with  a  diameter 
of  3  feet.  The  butt  of  the  pole  is 
equipped  with  a  platform  made  of  two 
pieces  of  planking  33  inches  long,  18 
inches  broad,  and  2  inches  thick,  placed 
at  right  angles,  and  nailed  to  the  bottom 
of  the  pole.  The  arrangement  is  shown 
at  a  in  the  figure.  The  Ijottom  of  the 
hole  is  covered  to  a  depth  of  12  inches 
with  a  mixture  consisting  of  1  ]>art 
cement,  2  parts  sand,  and  5  parts  stone. 
When  the  pole  is  set,  the  platform  rests 
on  this  foundation,  and  rubble  consist- 
ing of  the  above  mixture  is  filled  in 
around  it  to  within  6  inches  of  the  top 
of  the  hole.  Earth  is  then  shoveled  in 
and  packed  down  hard. 

The  second  method,  shown  in  Fig. 
9'),  consists  in  fastening  to  the  pole  at  a 
point  2  inches  above  the  surface  of  the 
ground,  two  yellow  pine  planks  10  feet 
long,  8  inches  wide,  and  2  inches  thick. 
They  are  placed  parallel,  and  fastened 
to  the  i>ole  by  means  of  a  cross-arm  ]x)lt. 
From  the  ends  of  these  two  planks  four, 
othere  are  brouglit  up  to  the  y)ole  in! 
the  nuiiuier  shown.  They  are  fastened 
al)ove  and  below  by  cross-:irm  bolts.  To 
the  lM>ttom  of  the  horizontal  planks  are 

nailctl  8  «»(h«'rs,  4  on  each  side  (►f  the  pole,  3  f»*t't  long,  10  inches 
broad,  and  2  inches  thick,  making  a  platform  for  the  |x>le  to  ix';>t 
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upon.  By  this  arrangement  the  pole  is  also  braced  against  lateral 
strains.  Tlie  foundation  shown  in  Fig.  94  is  best  adapted  to 
sandy  soil,  while  that  shown  in  Fig.  95  is  more  suited  to  muddy 
or  marsiiy  ground. 

A  more  elaborate  development  of  the  framework  scheme  is  shown 

in  Fig.  96,  in  which  two  chestnut 
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poles  10  inches  in  diameter  at 
the  top  are  sulik  into  the  earth, 
one  on  each  side  of  the  main 
pole,  with  their  centei-s  about  5 
feet  2  inches  from  its  center. 
Two  8-inch  by  2-inch  planks, 
shown  at  a,  are  fastened  to  the 
tops  of  the  two  auxiliary  poles, 
being  also  fastened  to  :;he  main 
pole.  The  upright  braces  also 
are  fastened  to  the  auxiliary 
poles.  As  in  the  previous  figure, 
planks  3  feet  long,  8  inches  wide, 
and  2  ijiches  thick  arc  nailed  to 
the  bottom  to  make  a  platform. 
The  braces  are  fastened  to  the 
main  arid  auxiliary  poles  by 
means  of  cross-arm  bolts.  At  b 
is  shown  the  method  of  cuttincr 
out  the  tops  of  the  auxiliary 
poles  to  receive  tlie  braces. 

Tlie  holes  having  been  dug, 
the  next  step  is  to  erect  the 
poles.  These  should  be  dis- 
tributed along  the  right  of  way, 
the  butts  being  placed  at  the 
holes.  Where  possible,  the  jjoles 
should  lie  with  the  top  at  a 
greater  elevation  than  the  butt,  for  assistance  in  raising.  When 
poles  of  different- lengths  are  used,  they  should  l)c  properly  dis- 
ti-ibiited  along  the  right  of  way.  Before  the  pole  is  raised  it 
should  be  Inoved  so  as  to  have  the  butt  lesting  On  the  edge  of 


100 


ThLiLi'llONY 


91 


^ «      « ft      fi 


lift       a b 0 a- 


■^l     I    ^VT    I^     I     I 


v'^i  I  .}Jri.Mfci  II  - 


f— I  rn  I— I  r—i^.  rnr- 1 1— i  r-|- 


U    U  U  U  Lirl. 

— 12^0* »^ 


Fig.  «6. 


101 


92 


TELEPHONY 


the'  liole.  For  handling  the  poles  properly  a  cant  hook,  shown 
in  Fig.  97,  is  used.  It  consists  of  a  heavy  ash  liandle  a,  to  which 
is  fiistened  a  wrought-iron  spur  6,  pivoted  at  e.  In  using  this 
tool  the  pole  is  caught  between  the  side  of  the  handle,  e,  and 
the  spur,  after  which,  by  moving  the  handle  upward,  the  pole  is 


Pig.  97. 

rolled  over.     The  tongs  shown  in   Fig.  98   are  of  wiought  iron 
fastened  to  a  heav}'  ash  handle. 

When  the  pole  has  been  properly  placed,  it  is  seized  at  tlie 
top  by  the  gang  of  linemen,  usually  from  5  to  8  men,  and  raised. 
One  man  shown  at  a.  Fig.  99,  stands  at  the  hole,  and  seizing  the 
pole  in  his  arms  directs  the  motion  of  the  butt  into  the  hole.     The 


Fig.  98. 


tools  used  in  pole  raising  are:  a  pike,  shown  in  Fig.  100,  and  a 
dead  man,  shown  in  Fig.  101.  Pikes  are  made  in  lengths  of  from 
8  to  14  feet,  and  consist  of  an  ash  pole  a,  Fig.  100,  about  2  inches 
in  diameter,  surrounded  at  one  end  by  a  wrought-iron  ring  h.  Into 
one  end  is  driven  a  steel  spike  c.  The  dead  man  is  made  of  a 
heavy  ash  pole  «,  Fig.  101,  with  a  U-shaped  wrought-iron  prong  h 
at  one  end,  equipped  with  a  spur  in  the  center,  shown  at  c.  This 
implement  is  used  to  hold  the  pole  in  position  from  time  to  time  as 
it  is  being  mised.  This  is  being  held  by  the  man  at  h  in  Fig.  99. 
As  soon  as  the  top  of  the  pole  is  raised  high  enough  to  permit  of  it. 
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four  linemen  thrust  into  it  the  steel  spurs  of  their  pikes  and  are 
thus  enubhitl  to  raise  it  hij^her  still.  As  tlie  i)ole  is  r.iised  neanrr 
and  nejirer  to  the  j)eri>endicuhir,  the  longer  pikes  come  into  play, 
until,  when  the  |M»le  h;is  been  elevated  to  an  angle  of  about  50'', 
the  butt  slides  into  the  hole.     The  pikes  are  then  used  to  adjust  it 


Fig.  99. 

to  a  perfectly  vertical  position.  This  having  been  done,  the  earth 
is  gradually  filled  in  around  the  pole,  being  tamped  down  in  the 
meanwhile  by  two  men  using  the  end  a  (Fig.  93)  of  their  tiimping 
ham.  Great  care  should  be  taken  to  pack  the  earth  firmly  as  it  is 
being  put  in,  and  to  this  end  only  one  shovel  is  allowed  to  be  used 
during  the  process.  When  the  hole  has  been  filled,  the  surplus 
earth  is  piled  up  around  the  pole  in  the  form  of  a  mound. 

In  regard  to  the  rate  at  which  poles  can  be  set  by  the  average 
gang  of  linemen,  it  may  l)e  said  that  this  is  governed  by  the  num- 
Iwr  of  holes  that  can  be  dug.  Under  ordinary  conditions  al)out  8 
or  10  holes  are  all  that  one  man  can  dig  in  one  day.  Where  blast- 
ing has  to  be  resorted  to,  the  rate  is  much  lower.  It  rarely  goes 
above  this.  Eight  or  ten  poles  set  is  a  gootl  day's  work  for  the 
average  gang. 

The  poles  having  been  set,  the  next  step  is  to  set  the  cross- 

'arins.     For  tliis  purjxise  a  lineman  is  sent  uji  the  pole,  with  a  blf»ck 

which  he  fiistens  at  the  top.     A  stout  Manila  rope  in  theu  rove 
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through  the  block,  and  the  cross-arm ^  being  fastened  to  one  end  of 
it,  is  hoisted  to  the  top  of  the  pole  by  the  men  on  the  ground. 
The  top  cross-arm  is  always  set  firet,  the  one  just  beneath  it  next, 
c  and  so  on.  The  reason  for  this  arrangement  is  that  poles 
are  not  always  equipped  at  once  with  their  full  capacity  of 
cross-arms,  and  frequently,  after  a  line  has  been  put  into 
working  order,  additional  cross-arms  have  to  be  placed. 
If  the  first  cross-arms  were  placed  in  the  bottom  gains,  not 
01,1  ly  would  the  additional  ones  have  to  be  carried  over  the 
working  wires,  but  the  new  wires,  while  being  strung, 
would  be  sure  to  hang  down  and  to  cause  trouble  on  those 
already  in  place.  All  this  is  avoided  by  beginning  at  the 
top. 

The  cross-arm  having  been  hauled  up  within  reach 
of  the  lineman,  it  is  then  seized,  the  rope  is  removed,  and 
the  arm  is  placed  in  position  in  the  top  gain,  being  secured 
by  a  cross-arm  bolt  driven  first  through  the  pole  and  then 
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Fig. 
100. 


through  the  cross-arm.  The  two  cross-arm 
braces  are  then  fastened  to  the  cross-arm  by 
means  of  two  carriage  bolts,  which  pass  first 
through  the  cross-arm  and  then  through  the 
brace.  The  opposite  ends  of  the  braces  are 
then  brought  together  and  fastened  to  the 
pole  by  means  of  a  fetter  drive-screw.  If 
more  than  one  arm  is  to  be  placed,  the  suc- 
ceeding ones  are  hoisted  into  position  and 
secui-ed  in  the  manner  already  described.  On 
terminal  poles,  on  corner  poles,  and  at  the  beginning 
and  end  of  long  spans,  back  braces  are  used  on  the 
cross-arms.  The  method  of  their  attachment  is 
shown  in  Fig.  102,  where  the  back  braces  are  shown 
at  a  and  a'.  They  are  fastened  to  the  side  of  both 
cross-arm  and  pole  opposite  that  to  which  the  regular 
brace  is  fastened.  When  this  work  is  finished,  the 
poles  are  ready  for  the  reception  of  the  wire.  But 
before  a  description  of  the  method  of  stringing  wires  is  given,  it 
will  be  necessary  to  say  something  about  the  nature  of  the 
material  used  for  wire.   • 
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Fig.  101. 
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Three  kinds  of  material  liavo  l>eeii  used  in  the  manufacture 
of  wire  for  telephone  use  —  namely,  iron,  steel,  and  cop{)€r.  In 
the  early  days,  learning  their  lesson  from  the  telegraph  men,  tele- 
phone engineers  built  their  lines  of  iron  wire,  and  it  proved  prac- 
ticable for  the  short  distances  then  in  vogue.  Steel  wire  was 
next  selected  on  account  of  its  greater  tensile  strength.     With 


the  advent  of  metiiUic  circuits, 
however,  it  was  found  that  if 
the  telephone  was  to  be  suc- 
cessful for  tmnsmis-sion  over 
h'^ng  distances,  some  better 
conductor  than  iron  must  be 
selected.  Before  discussing 
at  any  great  length  the  most 
suit4iblc  metal  to  use  in 
lino  constructioi.,  it  will  l>e 
necessary  for  us  to  undcistand 
thoroughly  the  conducting 
proj>erties  of  the  various 
metals  used  in  the  mechanic 
arts. 

The  measure  adopted 
for  determining  the  relative 
merits  of  different  substances 
as   conductors  of  electricitv. 


Fig.  lO-j 


is  called  Specific  Resistance,  which  is  the  resistjince  In'tween  the 
two  opposite  faces  of  a  centiui«'tcr  cul)e  of  the  subsUince  at  a  tcm- 
jMU-ature  of  0**  Centigrade.  Table  IV  gives  the  resistances  of 
various  metallic  substiinces  in  microhms,  or  millionths  6f  an  ohm. 
The  Specific  Conductivity  of  a  substance  is  the  reciprocal  of 
its  specific  resistance.  Substances  are  compared  as  to  their  con- 
ducting qualities  by  what  is  called  percentaji^e  of  conductivity. 
This  is  the  ratio  of  the  specific  conductivity  of  the  substance  to 
that  of  some  standard  sul)stance.  As  a  usual  thing  pure  copper 
is  chosen  as  the  stiindard  sulwtance,  and  the  percentage  of  its  con- 
ductivity is  taken  to  be  100.  The  percentage  of  conductivity  of 
a  wire  is  the  ratio  that  its  conductivity  bears  to  that  of  a  pure 
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TABLE  IV. 

Relative  Specific  Resistances  of  Hetals. 


Mbtal. 

Rrsiot- 

ANOB. 

Mbtal. 

Resist- 
ance. 

Silver,  annealed 

1.504 

Iron,  annealed 

9.716 

Copper,       *' 

1.5fl8 

Nickel,     ". 

12.470 

Silver,  bard-drawn 

1.634 

Tin,  pressed 

13.210 

Copper,      "         " 

1.634 

Lead,     " 

19.630 

Gold,  annealed 

2.058 

German  silver 

20.930 

Gold,  hard-drawn 

2.094 

Antimony,  pressed 

35.600 

Aluminum,  annealed 

2.912 

Mercury 

94.320 

Zinc,  pressed 

5.626 

Bismuth,  pressed 

131.200 

riatiuum,  annealed 

9.057 

cnppor  wire  at  the  same  temperature  having  the  same  area  of 
cniss-sectioii  an<l  the  same  length.  In  telephone  pmctice  it  is 
usually  specified  that  a  conductor  shall  have  a  conductivity  equal 
to  98  per  cent  of  that  of  pure  copper.  The  measure  used  for 
determining  the  diameter  of  a  wire  is  called  the  mil,  and  its  mag- 
nitude is  i:^-qq  inch.  The  unit  of  cross-sectional  urea  of  a  con- 
ductor is  the  circular  mil,  which  means  the  area  of  cross-section 
of  a  wire  whose  diameter  is  one  mil.  This  forms  a  more  conven- 
ient measure  than  the  square  inch,  since  the  area  bears  a  very 
simple  relation  to  tlie  diameter.  The  area  of  a  circle  in  square 
meiisure  is  equal  to 


in  which  r  is  the  radius  of  the  circle,  and  d  its  diameter.     If  c?  be 


expressed  in  inches,  the  area 


d-2 


will  be  in  square  inches.     If  d 


7rrf2 


be  expressed  in  mils,  the  area  — ;j— will  l)e  in  square  mils.    Since  d 


is  equal  to  1,  then  1  circular  mil  is  equal  to  —  sq.mil,  and  1  sq. 

4 
4 
mil    is    equal    to    _  circular   mils.       Therefore    the    area  of    a 

TT 

circle  in  circular  mils  will  be  equal  to  the  area  of  that  circle  in 
square  mils  multiplied  by  the  number  of   circular  mils  in  one 
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square  mil.  Thus,  if  a  circle  have  a  diameter  1/  milM,  iU  area  in 
circular  mils  will  Ik> 

A  =  "  f  -  X  i  =  .1-. 

which  means  that  the  area  of  a  circle  expressed  in  circular  mils 
equiils  the  sqiiure  of  the  diameter  in  mils.  While  the  circular  mil 
is  the  measure  of  the  cross-sectional  area  of  a  wire,  and  forms  the 
basis  for  fijjurinpf  out  the  safe  current-carrying  capacity,  wire  is  in 
pnictice  bought  and  sold  according  to  arbitrary  gauges  jidopted  by 
various  manufacturers. 

In  America  the  Brown  &  Sharpe  gauge  is  used  almost  uni- 
versally, and  was  originated  by  the  manufacturers  of  that  name  in 
Providence,  R.  I.  In  this  system  the  gauge  numl)er  diminishes 
as  the  diameter  of  the  wire  increases.  The  rule  according  to 
which  the  change  is  made  is  a  very  simple  one.  If  any  gauge 
nunil)er  be  tiiken  as  a  b:\sis  of  comparison,  then  by  adding  3  to 
the  gauge  numlier  there  is-obtiiued  the  number  of  a  wire  whose 
area  is  about  one-half  that  of  the  original.  For  exaiiqile,  one 
No.  3  wii-e  will  Imve  the  same  croas-sectional  area  as  two  No.  6 
wires;  and  one  No.  5  wire  will  have  the  same  area  as  two  No.  8 
or  four  No.  11  wires.  Again,  by  subtnicting  3  from  any  gauge 
numl)er,  a  wire  is  obtained  whose  area  is  about  twice  that  of  the 
original ;  thus  a  No.  1  wire  lisis  about  twice  the  area  of  a  N«».  4. 

The  following  course  of  reasoning  deduced  from  the  alwve- 
mentioned  facts,  will  enable  the  student  to  determine  the  factor 
by  which  the  area  of  a  wire  of  any  gauge  numl)er  nmst  be  multi- 
plied or  divided  in  order  to  obtain  the  area  of  the  next  larger  or 
smaller  wire.  If  the  areas  of  any  two  consecutive  sizes  of  wire 
wt>n»  in  tho  ratio  of  2  or  2.\,  the  factors  which  would  bo  tisc<1  to 
determine  the  area  of  a  wire  three  sizes  larger  or  smaller  would  bt' 
2  or  }  because  the  given  area  would  have  to  be  multiplied  either 
by  2  three  times  or  by  .]  three  times.  In  other  words,  the  factor 
to  be  used  in  determining  the  area  of  the  next  consecutive  size  to 
the  given  one,  would  be  the  culje  root  of  that  used  to  determine 
the  area  of  a  wire  three  sizes  removed.  Now,  since  this  latter 
factor  has  been  shown  to  be  2,  it  follows  that  the  factor  necessary 
to  determine  the  aiea  of  the  next  consecutive  size  is 
37_  1  1 

y'  2  or  8  /  ^  which  equals  1.26  or  j_^. 
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For  example,  if  the  area  of  a  No.  6  Brown  &  Sharpe  gauge  wire 
wrre  2G,250  circuliir  mils,  the  area  of  a  No.  6  wire  would  be 
26,2o0  X  1.26  =  33,075  circular  mils;   and  in  like  manner  the 

area  of  a  No.  7  wire  would  be  26,250  X  j^  =  20,834  circular 

mils. 

Again,  since  the  ratio  of  the  resistances  of  two  wires  varies 
inversely  as  the  ratio  of  their  areas,  it  follows  that  the  same  two 
factors  can  be  used  to  determine  the  ratio  of  tlie  resistances  of  any 
two  wires  whose  gauge  number  is  known,  if  the  resistance  of  one 
of  them  is  given.  Thus,  if  the  resistance  of  a  foot  length  of  No. 
10  B.  &  S.  gauge  copper  wire  be  .001  ohm,  the  resistance  of  a 
No.  11  B.  &  S.  gauge  copper  wire  will  be  .001  X  1-26  =  .00126 
ohm.  The  other  wire  gauges  are  the  Washburn  &  Moen  Manu- 
facturing Co.'s  gauge,  the  G.  W.  Prentiss  gauge,  the  British 
Standard  gauge  (abbreviated,  S.  W.  G.),  the  Birmingham  or 
Stubs  wire  gauge  (abbreviated  B.  W.  G.),  the  Trenton  Iron 
Company's  gauge,  and  the  Old  English  gauge.  A  table  of  these 
gauges  will  be  given  directly. 

Copper  as  a  Conductor.  Reference  to  the  table  of  relative 
specific  resistances  given  above  will  show  that  silver  is  the  only 
metal  whose  specific  resistance  is  less  than  that  of  copper.  Silver, 
however,  on  account  of  its  cost,  is  excluded  from  the  metals 
suited  for  telephone  purposes.  In  looking  farther  down  the  list 
it  will  be  seen  that  iron  is  the  only  other  metal  that  from  a  com- 
mercial standpoint  is  suited  for  the  manufacture.  But  the  spe- 
cific resistance  of  iron  as  compared  with  copper  is  as  6  to  1,  which 
means  that  of  two  wires  of  .the  same  length,  one  iron  and  the 
other  copper,  the  former  would  have  to  possess  6  times  the  area 
of  the  latter  to  have  the  same  conductivity.  As  a  result,  if  iron 
wire  were  used  in  telephone  line  construction,  it  would  have 
to  be  of  such  large  diameter  to  compete  successfully  with  copper 
in  point  of  transmission,  as  to  render  the  problems  of  line  construc- 
tion very  much  more  difficult  than  they  now  are,  and  to  add  very 
materially  to  the  cost  of  building. 

Copper,  when  exposed  to  the  air,  forms  on  its  surface  an 
oxide  which  is  not  soluble  in  water  and  which  therefore  presents  a 
protecting  shield  against  further  corrosion  of  the  metal.     The  oxide 
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of  iron,  on  the  other  hand,  is  readily  soluble  in  water,  and  therefore 
fresh surfrtCfs  of  theirouiire  always  presented  to  theatinosjjhere.  Kor 
this  reason  iron  exposed  to  tlie  weai-lier  is  soon  ru8te<luway.  The 
requisite  size  of  an  iron  wire,  moreover,  would  preclude  its  use  in 
cables.  Copper  has  therefore  cotne  to  supplant  iron  in  Hue  con- 
struction, and  is  now  universally  used  by  the  leading  companies. 
Pure  annealed  copper  has  a  specific  gmvity  of  8.89  atGO^F.  One 
cubic  inch  weiglis  0.32  lb.  and  the  melting  jioiut  of  the  metal  is 
alxmt  2,100°F.  Annealed  copper  does  not  possess  sufficient  t*Mi- 
sile  strength  to  make  it  practicable  for  wire.  The  process  of  hard- 
drawing  it,  however,  has  overcome  this  difficulty,  and  copper  wire 
used  in  line  construction  is  manufiictured  in  this  way.  Dr.  Mat- 
tliiessen  msule  a  determination  showing  that  a  piece  of  soft  copper 
wire,  one  foot  long  and  having  a  diameter  of  1  mil,  has  a  resistance 
of  9.612  legal  ohms  at  a  temperature  of  0°  Centigrade.  Tables 
V  and  VI,  which  are  based  on  Matthie&sen*s  standard,  give  the 
resistances  and  weights  of  all  sizes  of  wire  jvccording  to  the  I{.  «& 
S.  and  the  H.  W.  G.  gauges  respectively. 

In  line  construction  the  following  sizes  of  wire  are  used  : 

F'or  trunk  and  subscriber  lines  not  over  50  miles  in  length  —  Nu.  12 
N.  B.  S.  G.  liard-drawn  cupper. 

For  long-distance  lines,  600  to  1,000  miles  or  oyer  —  No.  8  B.  W.  O. 
hard-drawn  copper. 

For  subscriber  lines  not  orer  3  or  4  miles  In  length  —  No.  14  B.  &  S. 
hard-drawn  cupper. 

Note.    The  above  wires  are  aU  bare  of  insulation. 

For  bridle  or  drop  wires  —  No.  12  B.  A  S.  hard-drawn  copper,  Insulated. 

Other  sizes  are  sometimes  used  for  special  cases.  This  point, 
however,  will  be  taken  up  later. 

Iron  wire,  althougii  largely  superseded  by  copper,  is  still  use«l 
in  country  districts,  where  little  long-disUince  business  is  done,  and 
where  the  subscribers  have  not  yet  been  educated  up  to  the  point 
where  they  are  familiar  with  and  demand  the  best  transmission. 

As  iron  rapidly  corrodes,  or  "  rusts,"  when  exj)osed  to  the  air, 
the  iron  wire  used  in  line  construction  is  g^alvanized,  which  means, 
coveretl  with  a  film  of  zinc.  This  is  accomplished  in  the  following 
manner:  The  iron  wire,  while  hot,  is  drawn  through  a  vat  of 
hydrochlqiic  acid  to  render  the  surface  perfectly  clean.  It  is 
immediately  after>vards  drawu  through  a  vat  of  molten  zinc,  which 
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TABLU   VI. 
W«if  kU  and  Keaistancca  9!  Wires,  8.  W.  Q. 


6  . 

5f 

C5? 

Wvlshu. 

RealaUnoee  in  InternationsI 

Ohnia,   KMetl    upon    .Matthlea- 

•en'a  H(»ad»r<l  kt  *»•  V. 

1^ 

5« 

Poands 

per  1,000 

Feet. 

Pounds 

per 

MUe. 

Ota  ma  per 
1,000  Feet. 

Ohma  p«r 
Pound. 

0000 

4;>l 

206116 

024.000 

3294  000 

.05<5fe 

.00008051 

000 

426 

180025 

,  547.(HK) 

28M7.000 

.05732 

.00010480 

00 

380 

14440«i 

437.000 

2;iO«000 

.07170 

.OOOKMOO 

0 

340 

115<J00 

350.000 

1847.000 

.08057 

.<»0025<K)0 

1 

300 

900UO 

272.(M¥) 

1438  000 

.11600 

.000422;JO 

2 

•J«4 

80«l6« 

244.1»0U 

1280  000 

.12840 

.00052580 

3 

2.'>9 

07081 

203.000 

1*172.000 

.15430 

.0007(5010 

4 

23S 

56644 

i   171  000 

006.000 

.18280 

.OOKMWMH) 

5 

220 

48400 

146  000 

773.000 

.213«) 

.O0140(»OO 

0 

203 

41205) 

125.000 

059.000 

.251.W 

.<  (020 1400 

7 

180 

32400 

i»8  0(H» 

518.000 

.3HKK) 

.00.32  .■)80«* 

8 

lUo 

27225 

82.000 

435.000 

.38030 

.00101500 

9 

148 

21004 

(Hi  0<M) 

3^'.0.000 

.47270 

.00712900 

10 

l:!l 

17050 

54.000 

287.000 

.57«iOO 

.OHH!|0«>0 

11 

120 

14400 

44.0(N> 

2;i0.000 

.711MH) 

.t)l6o4N>00 

12 

109 

11881 

3»)000 

ItW.OOO 

.87150 

.O242.;0O<» 

1:1 

y.j 

IW.'S 

27.300 

144000 

1.14700 

.04I'.tttO«N> 

14 

Kl 

6880 

20  800 

110  000 

1.50.J0O 

.«l7-207tKK) 

16 

72 

5184 

15.700 

8.3.000 

1.997W 

.1273(M»00 

16 

66 

4225 

12.800 

♦«.000 

2  46100 

.lOlOOlJOO 

17 

■58 

3364 

10.200 

64.000 

3.07800 

..302.10000 

18 

40 

2401 

7.300 

38.400 

4  31200 

.593.iOO<M» 

19 

42 

1764 

6.300 

28.2<H) 

6.87000 

1.01>9000«H» 

20 

35 

1226 

3.700 

19.600 

8.46200 

2.27900000 

21 

32 

1024 

3.100 

16.400 

10.11000 

3.2620O0O0 

22 

28 

784 

2  400 

12*.6(X) 

13.21000 

5.505O0«HKJ 

2:1 

25 

625 

1.900 

10.000 

16.57000 

8.7.VMXN>00 

S4 

22 

484 

1.600 

7.700 

21.30000 

11.6<XNNM)imi 

25 

20 

400 

1.200 

6.400 

25.88000 

21.38000000 

M 

18 

824 

.980 

6.200 

31.06000 

.32.580(MNKX) 

27 

16 

25H 

.770 

4.100 

40.46000 

62.19000000 

28 

14 

100 

.690 

3.100 

62.8300«) 

89.04(M)0tNK) 

29 

13 

169 

.610 

2.700 

61.27000 

11J>.8<XK)0«NW 

80 

12 

144 

.440 

2.300 

71.90000 

165.<MtOOO<HM) 

81 

10 

100 

.300 

1.600 

10:J.  50000 

342.<Ml04HM>0«» 

32  ; 

9 

81 

.260 

1.300 

127.80000 

621.30000000 

SS 

8 

64 

.190 

1.0-20 

161.80000 

836.10000000 

34 

7 

49 

.150 

.780 

211.30000 

1425.00000000 

86 

6 

26 

.076 

.400 

414.20000 

&473.0(K)00000 

86 

4 

16 

.048 

.266 

647.1<K)00 

13:)60.0OO0000O 
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is  kept  at  a  uniform  tomperature  of  740"  F.  When  the  wire  thu.s 
coated  is  exposeil  to  the  atmospliere,  an  oxide  of  zinc  is  formed  on 
the  surface.  This  oxide,  however,  not  being  sohible  in  water, 
remains  on  the  wire  and  protects  it  from  further  corrosion. 

When  galvanized  iron  is  exposed  to  the  action  of  sulpliur  or 
chlorine,  which  occur  in  the  exhausts  of  locomotives,  in  factory 
chinmeys,  etc.,  zinc  sulphate  or  zinc  chloride  is  formed.     Both  of 

TABLE  VII. 
Properties  ol  Qalvanized  Iron  and  5teel  Wires,  B.  W.  0. 


these  salts  are  soluble  in  water,  so  that  the  zinc  coating  is  soon 
eaten  away,  leaving  the  surface  of  the  iron  exposed.  For  this 
reiison  iron  wires  that  cross  railroad  tracks  are  soon  eaten  away, 
and  usually  do  not  last  more  than  six  months  or  a  year. 

The  three  grades  of  iron  wire  used  are  designated  by  the  terms 
Extra  Best  Best,  Best  Best,  and  Best.  These  giades  differ  in 
point  of  internal  structure,  and  also  in  conductivity.  Table  VII 
gives  the  properties  of  Extra  Best  Best,  Best  Best,  and  Steel  wire 
accoi-ding  to  the  Birmingham  Wire  Gauge. 

Table  VIII  shows  the  tensile  strength  of  various  sizes  of 
copper  wire. 
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TABLE  VIII. 
TtBtll*  Stnogth  «f  Copper  Win. 


Breakioit  Weight 

BrealclDK 

Weight 

*•  •  « 

in    Foil  ads. 

!• 

in  Pound*. 

Z'^m 

a«s 

sg«o 

Hkrd- 
Drawn. 

ABB«»l«d. 

1" 

Hard- 
Drawn. 

An- 
nealed. 

(MMtO 

8310 

5060 

0 

617 

349 

()0(> 

fl.'.«l) 

4180 

10 

48!» 

277 

on 

r,tin 

:J663 

11 

388 

210 

0 

45A8 

2818 

12 

:m>7 

174 

1 

H7W 

2234 

13 

244 

138 

2 

»127 

1772 

14 

103 

100 

3 

2480 

1105 

15 

15:^ 

87 

4 

1967 

1114 

16 

l.W 

(»'.» 

5 

1550 

883 

17 

U7 

5.-> 

« 

1287 

700 

18 

77 

43 

7 

080 

555 

19 

01 

:34 

8 

778 

440 

20 

48 

27 

Table  IX  gives  tlie  factors  by  wliich  tbe  resistance  of  a  copper 

conductor  at   an  observed   temperature   must   be   multiplied   to 

determine  ite  resistance  at  7o°  F.    Thus,  if  the  resistiiiice  is  1 2.746 

ohms  at  88**  F,  the  resistance  at  75°  F  will  be  12.746  X  .9728,  or 

12.399  ohms. 

TABLE  IX. 
Paetera  f«r  €^mUtHmg  iteaiataace  ef  Cepper  Wire  at  75*  P. 


It 


0 

a 

d 

2 
fib 

58 

s.sr 

go 

Factor. 

Temperatare, 
Degrees  F. 

o 
o 

58 

21: 

II 

.M84 

82 

.9863  - 

!     04 

1.0236     ! 

I   ^« 

1  (NU31 

.95(W 

81 

.9874 

'     63 

1.0258 

45 

1  <  1657 

.9524 

80 

.98i)5 

62 

1.0280 

44 

1  0<17J» 

.9514 

79 

.9916 

•)1 

1  0;}4U 

43 

1.07<»2 

.9504 

78 

.9937 

60 

1.0323 

42 

1.0725 

.9585 

77 

.9958 

59 

1.0345 

41 

1.0748 

.9605 

70 

.9979 

58 

1.03<n 

40 

1.0771 

.1NV36 

1     75 

1.0000 

57 

1.0389 

80 

1.079:J 

.9646 

74 

1.0021 

56 

l.WU 

'    88 

10816 

.9666 

78 

1.0042 

55 

1.0433 

,    87 

i.oe3i> 

.9687 

72 

1.0064 

54 

1.0455 

'    36 

1.0862 

.9708 

71 

1.0085 

53 

1.0478 

85 

1  0885 

.9728     , 

7.0 

1  OKNt 

52 

1.0500 

.     ^ 

I.OIIOH 

.J)74«.»     ; 

<;9 

1  0128 

,     51 

1.0522 

;« 

1.09.32 

.n7»m 

08 

1.0149 

50 

1.054-* 

!     32 

l.(K)64 

.WOO     i 

»J7 

1.0160 

49 

1.0541/ 

.t>811     j 
.1>«82    1 

06 

1.0193 

48 

1.0589 

65 

1.0214 

47 

1.0012 

lis 
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III  recent  years,  wiih  the  great  lowering  in  the  cost  of  production 
of  aluminum,  attempts  have  been  made  to  use  this  metal  in  many 
of  the  mechanic  arts.  Among  the  suggestions  made  is  one  for  its 
use  in  the  manufacture  of  telephone  wire.  The  great  advantage 
of  this  metal  lies  in  its  comparative  lightness. 

Table  X  gives  the  relative  qualities  of  aluminum  and  copper. 

TABLE  X. 
Properties  of  Aluminum  and  Copper. 


AI.OMIKUM. 

COPPF.K. 

Conductivity  (for  equal  sizes) 

.54  to  .03 

1 

Weight  (for  equal  sizes) 

.:« 

1 

Weight  (for  e«|ual  leugtii  and  resistan«;e) 

.48 

1 

I'rice— -M.  2'.>c.,  Cop.  Hie.  (I)are  liue-wirc) 

1.81 

1 

Price— (^]^lual  resistance  and  lengtli  Ijare  line-wire) 

..S«S 

1 

Temperature  coefficient  per  degree  F. 

.002138 

.002155 

Kesistance  of  mil-foot  (20°C) 

18.73 

10.5 

.Speeilic  gravity 

2.5  to  2.08 

8.80  to  8.(t3 

Breaking  strength  (equal  sizes) 

1 

1 

Table  XI  gives  the  properties  of  tlie  different  grades  of 
aluminum  wire  manufactured  by  the  Pittsburg  Reduction  Com- 
pany. 

To  sum  up,  the  only  advantage  to  be  gained  by  the  use  ot 
aluminum  would  lie  in  the  fact  that  it  is  lighter  than  copper.  To 
offset  this,  liowever,  the  diameter  of  the  wire  would  Iiave  to  be 
larger  than  that  of  a  copper  wire  for  the  same  conductivity,  thus 
offering  a  greater  resistance  to  the  wind.  The  greater  surface  of 
tlie  aluminum  wire  would  cause  a  greater  electrostatic  capacity  to 
exist  between  it  and  the  ground  than  would  be  the  case  with  cop- 
per wire.  There  would,  moreover,  be  a  greater  difficulty  in  solder- 
ing aluminum  joints  than  copper  joints.  In  view  of  these  facts,  it 
does  not  seetn  po.ssible  that  aluminum  will  ever  supplant  copper 
in  line  construction. 

Tie  Wires.  The  line  wires  are  tied  to  the  insulators  by 
means  of  short  pieces  of  wiie  called  tie  wires.  The  wire  used 
for  this  purpose  should  always  be  of  annealed  copper  of  the  same 
gauge  as  the  wire  to  be  tied.  It  should  be  cut  into  lengths  of 
about  18  inches. 

Stringing:  Wires.  The  poles  having  l)een  enacted  and  the 
cross-iirms  fitted,  the  next  piece  of  \york  to  be  done  is  t<^  string  the 
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wires.  When  only  one  or  two  wires  are  to  be  strung  at  a  time» 
the  best  method  to  pursue  is  to  start  from  the  first  pole  and  unwind 
the  wire  along  the  ground  at  the  feet  of  the  poles  until  the  last 
one  has  been  reached.  The  wire  is  then  made  fast  to  the  proper 
pins  at  the  first  pole,  and  is  carried  up  over  the  cross-arm  at  each 
I  ucceeding  pole.     It  is  then  tied  to  the  proper  pins. 

Wlien  several  wires  are  strung  at  once,  as  is  usually  the  case, 
h  lifTerent  method  is  pui"sued.  As  many  coils  of  wire  are  provided 
as  there  are  lines  to  be  run,  and  each  coil  is  placed  on  what  is 
cidled  a  paying-out  reel,  Fig.  103.     This  consists  of  a  horizontal 


Fig.  103. 

wheel  a  on  the  spokes  of  which  are  placed  four  upright  amis  ^,  <?, 
d  and  e,  which  are  l^ent  over  at  the  top  to  prevent  the  coil  of  wire 
>jeing  pulled  over  their  ends.  The  wheel  is  mounted  on  a  pivot/ 
the  Ijearing  of  which  g  rests  upon  a  four-legged  truck  h.  The  coil 
of  wire  to  be  payed  out  is  placed  on  the  wheel,  with  the  four 
uprights  projecting  through  the  center  of  the  coil.  The  end  of  the 
wire  is  then  seized,  and,  the  wheel  a  revolving  fi-eely,  the  coil  is 
easily  unwound. 

Tlie  reel,  or  reels  are  placed  in  a  convenient  location  near  the 
foot  of  the  firat  pole.  A  piece  of  apparatus  called  a  running  board 
is  then  provided.  This  consists  of  a  heav}'  board,  usually  of  oak, 
of  about  the  same  length  as  the  cross-arm,  and  having  holes  bored 
through  it,  with  the  same  spacing  as  that  of  the  pins  upon  the 
cross-arm.  The  ends  of  the  wires  are  attached  at  these  holes.  A 
etout  rope,  to  be  pulled  by  a  horse,  is  run  over  the  cross-arm,  one 
end  of  the  rope  being  fastened  to  the  center  of  the  running  board. 
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The  horse  is  then  8tiirte<l,  and  the  running  board  is  dnigged  up 
w  ilie  cro8»-arm  on  the  firet  pole,  over  whioh  it  is  lifted  by  a  man 
siationed  there.  It  then  pivsses  on  to  the  next  pole,  carrying  the 
wires  after  it,  and  is  lifted  over  the  cross-arm  as  before.  As  the 
work  progresses  the  rope  is  lifted  over  succeeding  cross-arms  so  as 
to  keep  the  running  board  and  the  wires  above  thera. 

When  all  the  wires  on  the  reel  have  l)een  played  out,  tlie  ends 
are  fastened  to  their  respective  pins  at  the  first  pole,  and  the  distant 
ends  of  the  wire  are  then  grasped  and  pulled  tight.  Care  must  l>e 
tiiken  not  to  pull  the  wires  too  tight,  as  this  wouM  result  in  stretch- 
ing and  tliereby  materially  weakenuig  them.  The  best  way  to 
measure  the  right  amount  of  tension  to  exert  on  the  wires  is  to 
note  the  amount  of  sag  in  the  spans  between  the  poles.  The 
amount  of  allowable  sag  depends  upon  the  length  of  the  span,  and 
the  temperature  of  the  air.  It  increases  with  the  length  of  the 
span,  and  decreases  with  the  temperature. 

Table  XII  is  one  largely  used  by  telephone  men  in  line 
construction  work. 


TABLE  XII. 

Allowable  Sag  In  Wires. 


Tbmpbra- 

1        TUBP 

Span  75  tm. 

Span  100  ft. 

Span  115  rr. 

Span  130  rr. 

Span  150  ft. 

SPANaOOFT. 

, Fahbkn- 

Sao. 

Sao. 

Sao. 

Sag. 

Sao. 

Sao. 

HBIT. 

' 

—    80" 

1     inch 

2    inch 

2^  ioch 

3^  inch 

4) inch 

8    inch 

—  10» 

U     '* 

2i     •• 

3      " 

4       *• 

5       " 

9      " 

-f  10« 

U     " 

3      •' 

3i     " 

4i     •• 

6      «' 

lOJ     '• 

+  80» 

2       •' 

3       •• 

4       •• 

6*     '• 

7       " 

12       " 

-V  0O» 

2*     " 

4*     •• 

6*     " 

7       '♦ 

9      '♦ 

\bk     •• 

+  80* 

3      " 

5*     " 

7       •• 

8*     •' 

lU  ♦• 

19      " 

+100* 

44     " 

7       " 

9      " 

11       " 

14      " 

22i    •♦ 

To  illustrate  the  use  of  Table  XII,  take  the  case  of  the  T.*)- 
ft.  span.  If  the  wire  be  strung  when  the  temperature  is  —  30°  F, 
it  may  be  pulled  up  until  the  sag  is  1  inch,  wherejis,  if  the  same 
wire  be  strung  when  the  temperature  is  100**,  a  sag  *f  4^  inches 
will  have  to  be  allowed. 

The  next  piece  of  work  is  to  tie  the  wire  to  the  insulators. 
This  is  done  in  two  ways,  tiie  first  of  which  has  passed  out  of  use 
with  the  most  up-todate  companies.     It  is  illustrated  in  Fig.  104, 
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wliere  a  represents  the  top  of  the  insulator,  d  d  the  line  wire,  and 
h  the  tie  wire  us  it  lies  in  tlie  groove  in  the  insulator.  The  ends 
of  the  tie  wire  are  wound  around  the  line  wire  as  shown  at  c  <?, 
four  and  a-half  turns  being  taken.     This  method  of  tying  was  the 


Fig.  104. 


Fig.  105. 


one  used  altogether  in  connection  with  iron  wire. 

With  the  advent  of  copper  wire,  however,  a  different  method 
of  tying  was  found  necessary ;  and  the  one  iUustrated  in  Figs.  105, 
105  A  and  105  B,  has  come  to  be  adopted.  Looking  at  the  last 
figure,  105  B,  it  will  be  seen  that  the  tie  wire  is  passed  around 
the  glass  in  one  complete  turn,  one  end  being  passed  under,  and 
the  other  over  the  line  wire.  The  ends  are  then  wiapp(»d  around 
tlie  line  wire  in  5  complete  turns,  which  are  not  laid  as  close 
together  as  those  of  the  old  tie  but  are  more  spread  out.  The 
completed  tie  is  shown  in  Fig.  105  A,  and  the  plan  of  it  is  seen  in 
Fig.  105. 

There  are  two  methods  of  making  joints  in  the  wires.  One 
of  these,  now  passing  out  of  use,  is  shown  in  Fig.  106,  and  is 
called  the  Western  Union  splice.  It  is  made  by  wrapping  the 
ends  of  the  two  wires  about  each  other  in  the  same  manner  as  in 


ig. 105  A. 


Fig.  10 '  B. 


the  old  form  of  tying.  This  joint  should  always  be  soldered,  and 
in  so  doing  the  heat  should  be  applied  at  the  center  point,  as  the 
solder  tiikes  hold  l)est  under  these  conditions.  Tliis  form  of  joint 
is  l>eing  superseded  by  that  made  by  the  Mclntire  sleeve,  which 
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is  shown  in  Fi«^.  107,  and  which  consists  of  two  copper  tubes  a  and 
b  sweatt'il  together.  These  sleeves  are  niadl?  in  various  sizt'S  to 
acfonunotlate  the  different  sizes  of  wire  used.  Tlie  two  wires  to 
be  joined  are  introduced  into  the  holes  c  and  d  respectively.  The 
sleeve  is  then  twisted  through  three  turns  as  shown  in  Fig.  10«,  in 
which  a  represents  one  of  the  wires  entering  one  side  of  the  sleeve, 
and  /'  the  end  of  the  same  wire  emerging  from  the  sleeve.  The 
other  wire  c  is  brought  in  from  the  opposite  direction,  and  its  end 
is  shown  emerging  at  d.    The  sleeve  is  given  three  turns,  as  already 


mm^mi^ 
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said,  and  the  short  ends  h  and  d  iirc  slightly  U'lit  over  as  a  further 
precaution  against  their  pulling  out.  This  class  of  joint  need  not 
be  soldered. 

The  line  wiivs  should  always  pass  through  the  groove  in  the 

insulator  on  the  side  facing  the  pole,  except  in  the  case  of  the 

.a  ^b        two    insulatore    nearest 
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the  i)ole,  which  should 
luive  the  line  wires  tied 
on  the  side  away  from 
the  pole.  In  turning  a 
corner  the  wires  should  be  tied  on  the  outside  of  the  insulators  so 
that  the  tension  will  cause  them  to  press  against  the  glass. 

In  stringing  wires  the  start  is  made  from  the  central  office, 
and  the  work  is  carried  on  in  the  direction  in  which  the  line  is  to 
run.  Where  the  line  wire  is  terminated  eu  a  cross-arm,  it  is 
said  to  Ixj  dead-ended,  which  is 
done  in  the  nianner  shown  in  i 
Fig.  109.  The  line  wire  d  is 
piissed  around  the  insulator  a  as 
shown  ^Xthhh  and  then  through 

a  Mclntire  sleeve  c.    This  sleeve  is  given  one  and  a-half  tunis. 
The  end  of  the  wire  is  shown  at  »'. 

Quying.     Under  this  heading  is  included  all  tlie  work  neces- 
sary t^  make  the  line  secure  aguiost  ext'"aordii<ury  stresses  such  as 
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liavQ  silreatly  Iweii  allmled  to.  The  material  used  in  fastening 
tlie  pole  to  whatever  object  hjis  been  selected  with  a  view  to 
securing  greater  rigidity  for  the  line,  is  called  guy  rope  or  guy 


Fig.  110. 


strand.  The  standard  guy  strand  is  made  of  seven  steel  wires, 
each  of  a  diameter  not  more  than  .111  inch  nor  less  than  .107 
inch.  Each  wire  must  be  free  from  scales,  inequalities,  and  other 
imperfections,  must  be  of  uniform  diameter  and  be  drawn  in  one 
continuous  length,  and  must  be  thoroughly  galvanized.  The  wires 
are  twisted  together,  the  length  of  the  twist  not  to  exceed  3^  inches. 
The  strand  must  have  a  breaking  weight  of  at  least  6,000  pounds, 
and  must  elongate  not  more  than  17  per  cent  nor  less  than  11 
per  cent  of  its  length  before  breaking. 

One  method  of  fastening  the  guy  strand  is  shown  in  Fig.  110. 
One  end  of  the  strand  is  wrapped  twice  around  the  pole  at  c, 
being  held  in  place  by  means  of  staples,  and  secured  by  a  stand- 
ard guy  clamp.  When  the  pole  is  equipped  with  more  than  one 
cross-arm,  the  strand  is  attached  just  above  the  second  arm. 
When  the  pole  is  equipped  with  only  one  arm,  the  strand  is  at- 
tached just  below  the  second  gain.  To  secure  the  other  end  of 
the  strand,  a  guy  stub,  shown  at  a,  is  sunk  in  the  ground  in  the 
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manner  depicted.  The  strand  is  wound  twice  around  the  stub, 
\mu^  held  in  place  by  stiipleH,  and  i»  secured  by  means  of  a  stand- 
iird  ji^uy  clamp,  shown  at  d. 


Pijf.  112. 


Tliere  are  two  ways  of  setting  guy  stubs,  both  of  which  are 
equally  efficient.  The  method  shown  in  the  figure  consLsta  in 
fastening  to  the  stub  two  logs  of  chestnut,  shown  at 
e  and  e'.  These  must  be  5  feet  long  and  10  inches 
in  diameter,  and  fastened  to  the  stub  by  cross-arm 
bolts.  The  upper  one  e  is  placed  on  the  side  facing 
the  {X)le  and  at  a  depth  of  about  one  foot.  The  second 
one  e'  is  placed  on  the  opposite  side  and  at  a  depth 
of  alx>ut  6  feet.  These  two  logs,  acting  together,  pre- 
vent the  stub  from  being  pulled  into  a  vertical 
position  by  the  strain  on  the  strand.  It  should 
be  oI)served  that  the  earth  is  piled  u|)  around 
the  guy  stub  in  the  same  manner  as  around  the 
pole. 

When  the  al><»ve  method  is  not  used,  a 
separate  anchor  must  be  provided  for  the  stub, 
as  shown  in  Fig.  111.  In  this  case  an  anchor- 
rod,  shown  at  a,  is  fivstened  to  a  chestnut  log  h 
5  feet  long  and  10  inches  in  dianieter,  sunk  6  feet  in  the  earth 
under  a  pile  of  rocks.     The  "eye"  end  of  the  ro<i  projects  about 
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one  foot  above  the  surface  of  tlie  ground.  One  end  of  a  piece 
of  guy  stnind  is  wrapped  around  tlie  guy  stub  in  the  usual  manner, 
as  shown  at  c,  and  is  secured  with  a  guy  clamp.  A  standard 
thimble,  Fig.  84,  is  placed  through  tlie  "eye"  in  the  anchor-rod, 
and  the  other  end  of  the  strand  passed  around  it  and  secured  with 
a  guy  clamp. 

A  •  f i'Lalf!rjr  r i "  ?i 


Fig.  114. 

The  method  of  securing  the  guy  strand  to  the  pole  or  stub  is 
shown  in  detail  in  Fig.  112 ;  and  that  used  iii  fastening  it  to  the 
anchor  rod,  in  Fig.  113. 

The  methods  illustrated  in  Figs.  110  and  111  are  applicable  to 
side  guying  and  head  guying  at  the  end  of  a  line.  In  head  guy- 
ing and  back  guying,  the  guy  strand  is  fastened  to  the  next 
adjacent  pole  at  a  point  about  4  feet  from  the  ground. 

In  Fig.  114  is  shown  another  method  of  securing  the  guy 
strand.  A  guy  rod  a  is  secured  to  an  anchor-log  h  sunk  6  feet  in 
the  ground.  On  the  upper  face  of  this  log  is  secured  a  piece  of 
plank  2  feet  by  2  inches  and  of  the  same  length  as  the  log.  This 
is  done  to  afford  additional  resisting  surface  against  being  pulled 
out  The  "eye"  end  of  the  rod  is  allowed  to  project  about  one 
foot  above  the  ground,  and  the  guy  strand  is  fastened  to  it  in  the 
manner  already  described. 
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In  Fiii^.  1 1.')  is  shown  the  method  of  securing  the  guy  strand 
when  the  ground  is  rocky.  A  hole  is  drilled  in  the  rot-k  at  tlie 
angle  shown,  and  the  rock  eye-bolt  is  driven  into  it,  the  strand 
being  attiiched  to  the  "eye"  end  in  the  same  manner  as  that  tie- 
scribed  for  the  guy  rod.     The  hole  in  the  rock  should  be  of  such 
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a  size  as  to  give  the  eye-bolt  a  binding  fit.     Tlie  detail  of  the  ej'e- 
lH>lt  with  the  attiuhed  strand  is  shown  to  the  right. 

In  addition  to  the  directions  for  placing  guys  already  given 
under  the  heading  of  "  Laying  Out  the  Line,"  the  foHow  ing 
should  be  noted : 

When  a  lino  turns  a  corner,  1*utb  straight  sections  should  be  head 
guyed  and  side-guyed  as  shown  in  V'lg.  110. 

In  ci-ossing  a  ruad,  each  turning  pole  thould  he  douhle  side-guyed,  or 
guyed  on  both  sides,  and  also  head-guyed. 

The  two  poles  next  to  the  turning  poles  should  be  hcad-guyod. 

Terminal  polos  on  long  spans  —  200  feet  —  should  be  head-guyed,  and, 
if  possible,  side-guyed  in  both  directions. 

The  adjacent  poles  should  be  head-guyed  to  the  terminal  poles. 

In  passing  through  hilly  country  the  poles  should  be  head  guyed  as 
shown  at  n  and  '>,  Fig.  117,  so  as  to  overcoma  tbu  downward  strain. 

Lines  of  four  cross-arras  or  more  should  be  double  side-guyed  every 
quarter  of  a  mile,  and  double  head-guyed  e'«ciy  half  mile,  in  addition  to 
whatever  other  guying  may  be  needed. 

The  method  of  guying  in  hilly  country  is  shown  in  Fig.  117. 
Here  the  downward  strain  would  pull  poles  2  and  3  over  toward.s 
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pole  1  were  it  not  for  the  guy  a  securing  pole  2  to  pole  3,  and  guy 
b  securing  pole  3  to  pole  4.  In  many  eases  it  is  convenient  to 
guy  to  trees.  Particularly  is  this  so  in  the  case  of  side-guying. 
Wlien  trees  are  used  as  gay  stabs,  the  following  precautions  must 
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Fig.  116. 

))e  taken :  A  tree  must  be  selected  which  is  perfectly  secure  and 
which  is  large  enough  in  diameter  to  stand  the  strain.  The  bark 
nmst  be  protected  by  means  of  lagging  made  ci'  pieces  of  wood 
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uboiit  1  foot  Inn^  and  2  inches  by  2  inches.  These  are  placed 
against  the  tree:  the  guy  stnind  being  wrapped  around  them  and 
:jecured  in  tlie  usual  manner.  In  guying  it  must  be  remembered 
that  the  strain  on  the  strand  can  be  resolved  into  two  components, 
one  vertical,  or  down  tlie  pole,  and  the  other  horizontal,  or  at 
right  angles  to  the  pole.     It  is  this  latter  that  is  useful ;  and  to 


Fig.  117. 

make  its  amount  as  large  as  possible  in  proportion  to  the  total 
strain,  the  strand  must  be  secured  at  a  point  as  far  from  the  foot 
of  the  pole  as  possible. 

TELEPHONE  CABLES. 

Types  of  Cable.  There  are  three  types  of  cable  used  in 
telephone  line  construction,  each  one  peculiarly  suited  to  the  con- 
ditions it  is  called  upon  to  meet.  Considered  with  regard  to  the 
natui*e  of  the  insulating  material,  two  of  these  classes  may  be 
merged  into  one,  leaving  only  two  distinct  kinds  of  cable  when 
classified  in  this  way.  The  conductore  of  cables  are  insulated 
either  with  paper  or  with  a  compound  of  rubber.  When  cables 
were  first  introduced  into  telephone  work,  the  conductors  were  in- 
sulated with  cotton  braid  saturated  in  rosin  oil.  It  was  found, 
however,  that  a  better  insulation  could  be  obtained  by  the  use  of 
paper,  besides  securing  the  additional  advantiiges  of  reduced  cost 
and  reduced  size  of  cable.  Cotton  insulation,  therefore,  so  far  as 
cables  used  in  line  construction  are  concerned,  is  a  thing  of  the 
past. 

Paper-insulated  cables  are  made  in  several  ways,  but  are  com- 
prised in  two  greaU  classes,  dry  core  cables  and  saturated  core 
cables.  In  the  manufacture  of  dry  core  cables,  as  the  name  indi- 
cates, the  conductors  are  wrapped  with  dry  paper,  and  are  sub- 
jected to  no  further  treatment  except  baking.  In  the  manufacture 
of  saturated  core  cables,  the  conductors,  with  their  paper  iiisulft- 
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tion,  lire  saturated  with  melted  paniffine.  The  advantage  of  the 
hitter  treatment  lies  in  the  fact  that,  should  the  cable  be  subjected 
to  moisture,  the  paper  will  not  absorb  it  as  it  does  in  the  case  of 
dry  core  cables.  As  a  general  thing  the  dry  core  cable  is  used  on 
underground  lines,  while  the  saturated  core  cable  is  used  on  aerial 
Unes. 

Paper-insulated  cables  —  or  "  paper  cables,"  as  they  are 
called  —  are  constructed  in  the  following  manner :  The  conduct- 
ors, consisting  of  No.  11)  B.  &  S.  gauge  soft-drawn  copper,  are 
covered  with  a  wrapping  of  Manila  paper  of  about  the  thickness 
used  by  shopkeepers  in  wrapping  goods.  In  order  to  overcome 
the  mutual  induction  that  would  otherwise  be  present,  each  pair 
of  conductoi-s  forming  a  circuit  are  twisted  together  into  a  strand, 
the  length  of  the  twist  not  exceeding  6  inches.  These  strands  are 
laid  up  in  layers  around  the  center  of  the  cable,  each  layer  being 
wound  spirally  around  the  center  in  the  opposite  direction  to  that 
of  the  next  adjacent  layer.  In  order  to  distinguish  one  of  the 
conductors  in  a  strand  from  its  mate,  the  insulation  on  one  of  the 
wires  is  marked  in  some  peculiar  way.  The  standard  cables  made 
by  the  Western  Electric  Co.,  for  instance,  have  one  conductor 
covered  with  red  pa[)er,  and  its  mate  covered  with  white.  The 
cable  thus  consists  of  a  number  of  red  covered  conductors  each 
twisted  with  a  conductor  covered  with  white  paper.  Some  manu- 
facturers, notably  the  American  Electric  Works  at  Providence, 
R.  I.,  have  a  red  thread  in  the  paper  on  one  conductor,  and  white 
paper  on  its  mate. 

When  the  pairs  of  conductors  have  been  arranged  in  layers  as 
described,  the  whole  is  bound  with  cotton  thread  saturated  in 
paraffine.  If  a  dr^  core  cable  is  intended,  the  whole  is  baked  in  a 
suitable  oven  in  order  to  expel  all  moisture  from  the  paper ;  while, 
if  a  saturated  core  is  wanted,  the  cable  is  immersed  in  melted 
paraffine. 

This  work  having  been  finished,  the  cable  is  ready  for  the 
lead  sheath.  This  sheath  consists  of  a  lead  pipe  ^  inch  in  thick- 
ness and  having  an  inside  diameter  equal  to  that  of  the  cable.  It 
is  forced  on  under  pressure,  cooling  as  it  goes  into  place.  When 
the  lead  sheath  has  bi!cn  placed,  the  ends,  in  case  of  a  dry  core 
cable,  are  saturated  in  paraffine  for  a  distance  of  2  feet,  to  pre- 
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vent  moisture  entering.  The  Kheath  is  then  sealed  up  at  botit 
ends,  and  the  cable  is  ready  for  market.  Standard  lead  cables  of 
both  ty|>es  are  made  in  tiie  following  sizes  and  of  the  outside 
diameteis  indicated  in  Ti\ble  XIII  : 

TABLE  Xlil. 
SUM  •!  SUnctaffd  LmkI  CablM. 


Ni'MRKR  OK  Pairs 

OF    CO.NUUOTORS. 

Sl/B  OF    WlUR. 
U.  &    S.  r.AKlK. 

OUTSIIIB  DIAMBTKK. 

Lrkoth. 

2 

No.  19 

1  inch 

1,000  feet 

f) 

U  inches 

1,000     " 

10 

u    •' 

1,000     " 

15 

If      *' 

1,000    " 

25 

n    " 

1,000    •' 

50 

2 

800    '• 

100 

2i      " 

800    ♦♦ 

150 

2i      " 

800    " 

200 

21      " 

800     " 

The  New  York  Telephone  Company  have  developed  a  cable 
in  which  No.  22  B.  &  S.  soft-drawn  copper  is  used  and  which  Is 
nuide  in  sizes  of  300  and  400  paii-s,  each  size  having  an  outside 
diameter  of  2|  inches.  For  underground  lines  in  large  cities,  this 
tyiH?  of  cable  is  esi)ecially  well  adapted. 

In  Fig.  .118  is  shown  a  typical  paper  cable,  with  part  of  the 
sheath  removed  to  show  the  successive  layers,  which  appear  at 
tf,  ft,  r,  etc.,  going  from  the  center  outwards. 

A  pajter  cable  manufactured  by  the         » 
Felton-Ciuilleaume    Company    possesses  \ 
the   same   essential    features   as    those 
already  described,  but  is  more  economical 
in  the  use  of  insulating    paper.     It  is 
shown  in  section  in  Fig.  119,  together 

with  a  detail  of  the  methcKl  of  using  the  paper.  It  will  be  seen 
that  the  conductora  of  a  pair  are  placed  on  opposite .  sides  of  a 
ribbon  of  insulating  paper,  and  twisted  together.  A  second  ribbon 
of  paper  is  then  wound  around  the  pair  to  insulate  it  from  the 
other  p;iii-8.  The  whole  is  then  bunched  together,  and  covered 
with  a  lead  sheath  in  the  manner  already  described. 

When  cables  were  first  introduced,  the  great  drawliack  to 
their  n.se  lay  in  the  high  electrostatic  capacity  existing  lietween 


Fig.  118. 
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the  conductors.  In  the  open-wire  line  this  electrostatic  capacity 
is  reduced  to  a  minimum  by  the  great  distance  existing  between 
the  conductors.  In  the  cable,  however,  where  wires  are  bunched 
together,  tliis  separation  does  not  exist  and  special  precaution  must 
be  taken.  Paper,  on  account  of  its  porous  texture,  entraps  within 
itself  a  large  amount  of  dry  air  —  a  substance  which,  with  the  single 
exception  of  hydrogen  gas,  possesses  the  lowest  electrostatic  capac- 
ity of  all  known  bodies. 
The  specifications  for 
dry  core  cables  call  for 
a  capacity  between  each 
conductor  and  its  fellows 
of  .08  microfarad  per 
mile.  In  actual  fact, 
cables  are  constructed 
Fig.  119.  with  a  capacity  of    .06 

microfarad  per  mile  and 
even  lower.  Saturated  core  cables,  for  the  reason  that  a  great 
deal  of  the  dry  air  is  excluded  by  the  paraffine,  have  a  somewhat 
higher  capacity.  The  specifications  for  these  cables  call  for  a 
capacity  between  each  conductor  and  its  fellows  of  .175  micro- 
farad per  mile,  which  requirement  is  easily  complied  with  by  the 
manufacturers.  Each  conductor  should  have  a  resistance  of  not 
more  than  47  ohms  per  mile  at  a  temperature  of  60°  F,  and  the 
insulation  resistance  of  each  conductor  should  be  at  least  600 
megohms  per  mile.  Cables  of  thi**  type  are  made  continually 
whose  insulation  resistance  is  1,000  megohms  per  mile  and  higher. 
When  lead-sheathed  cables  were  introduced,  the  sheath  was 
made  at  first  of  pure  metal.  It  was  found,  however,  that  when  these 
cables  were  laid  in  the  creosoted  duct  tubing  then  in  vogue,  the 
dead  oil  of  tar  corroded  the  lead.  By  an  admixture  of  3  per  cent  of 
tin  this  liability  to  corrosion  was  found  to  be  overcome,  so  that  today 
all  lead  sheaths  are  made  with  an  admixture  of  3  per  cent  of  tin. 
Some  manufacturers  go  so  far  as  to  place  a  layer  of  tin  outside  the 
lead,  but  this  is  not  necessary.  Lead-sheathed  cables  are  always 
constructed  with  two  spare  pairs  to  be  used  in  case  of  emergency. 
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TELEPHONE   LINES.  — (Continued.) 

Hubber-insulated  cables,  with  the  exception  of  submarine 
Work,  ai*e  used  exclusively  for  aerial  work.  They  comprise  two 
cWscs  known  as  bridle  cables  aiul  tree  cable5,  which  differ  but 
slijjlitly.  For  local  work,  tlie  sizes  of  the  wires  are  No.  18  li.  &  S. 
and  No.  10  H.  «fc  S.  The  Long  I)istiin<e  Company  use  No.  12  B. 
&  S.  The  copper  is  haitlnlrawn  anil  covered  wilh  a  coating  of 
tin.  The  insidation  c«)nsists  of  a  nibl>er  connKiuiul  ^^  inch  in 
tiiickness,  which  is  covered  with  a  layer  of  tape.  In  some  rubber 
cables  the  conductors  of  a  pair  arc  covered  with  differently  col- 
oretl  insulation,  one  conductor,  for  example,  being  covei-ed  in  red 
and  the  other  in  a  drab  color.  It  hjus  been  found,  however,  that 
coloring  matter  injures  the  texture  of  the  compound,  rendering  it 
so  soft  as  to  be  e.isily  peeled  off  with  the  finger  nail.  Its  use, 
therefore,  is  not  to  be  recommended.  The  paire  are  twisted 
together,  and  laid  up  around  a  central  core  of  jute,  called  the 
filling-  The  whole  is  then  bound  together  with  a  winding  of  jute, 
called  the  servins^.  and  is  satuntted  with  rosin  oil.  Over  the 
serving  are  wound  two  layei-s  of  heavily  tarred  ta|je.  In  the  case 
of  the  tree  cable,  an  additioual  covering  of  heavily  tarred  cotton 
braid  is  placed  outside  of  the  tape.  The  conductors  of  these 
cables  should  have  an  insulation  resistance  of  250  megohms  per 
mile  after  being  immersed  in  water  for  48  houra  at  a  temi>era- 
ture  of  60°  F.  This  requirement  is  eiisily  met  by  the  manufac- 
tureiv.  The  electrostatic  capacity  of  this  class  of  cable  is  very 
high,  but  as  it  is  used  only  in  veiy  short  lengths,  this  feature  is  of 
no  material  imjxjrtance.  Kubl)er  cables  are  made  in  the  following 
sizes:  3-pair,  C-pair,  ll-jKur,  lo-p;iir,  20-pair,  and  2o-i>air.  Their 
diameters  vary  from  about  ^  inch  to  1 1  inches. 
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Stringing:  Aerial  Cables.  Aerial  lead-covered  cables  are 
strung  on  the  polos  in  connection  with  the  open  wires,  to  increase 
the  capacity  of  tlie  line.  The  method  of  construction  consists  in 
hanging  the  cable  to  a  suspension  wire  supported  updn  the  poles. 
There  are  many  ways  of  supporting  the  suspension  wire  or  mes- 
senger wire,  as  it  is  sometimes  called.  The  most  approved  method 
will  be  described.  The  suspension  wire  is  constructed  of  galvan- 
ized steel  wires  twisted  together  in  the  same  manner  as  that 
described  for  guy  rope.  Three  sizes  are  used  in  standard  con- 
struction, which  are  of  the  following  diameters  and  weights : 
|-inch  diameter,  having  a  weight  of  11^  lbs.  per  100  feet;  j^^-inch 
diameter,  having  a  weight  of  21  lbs. per  100  feet;  |^-inch  diameter, 
having  a  weiglit  of  61  lbs.  per  100  feet.  The  first  has  a  breaking 
weight  of  1,750  lbs.;  the  second,  a  breaking  weight  of  3,300  lbs.; 
and  the  third  breaks  at  8,320  lbs.  For  special  work,  such  as 
supporting  extra  large  cables,  or  on  extra  long  spans,  special  sizes 
of  suspension  wire  must  be  used.  The  above  sizes  are  standard, 
The  first  method  adopted  for  supporting  suspension  wire  was 

next  to  the  pole,  and  to  lash  it 
to  rest  it  upon  the  cross-arm, 
firmly  with  marlin  as  shown 
in  Fig.  120,  where  the  pole  is 
shown  at  a,  the  cross-arm  at 
5,  and  the  suspension  wire  at 
c.  The  marlin  lashing  is 
shown  at  c?,  and  is  wrapped 
around  the  cross-arm  and  sus- 
pension wire  and  secured  to 
the  pole.  This  construction, 
however,  was  found  to  be 
rather  crude.  Not  only  did 
the  suspension  wire  cut  into 
the  cross-arm,  but  an  addi- 
tional disadvantage  lay  in  the  fact  that  the  arm  was  subjected 
to  too  great  a  load. 

The  next  method  devised  was  to  drive. a  pole  step  securely 
into  tlie  pole  just  Ix^low  the  bottom  gain,  rest  the  suspension  wire 
on  it,  and  securely  fasten  the  wire  with  marlin,  as  shown  in  Fig. 


Fig.  120. 
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121.  While  this  change  was  a  step  in  the  right  direction,  there  still 
remained  the  disadvantage  of  liaving  tlie  suspension  wire  resting 
on  HO  small  a  bearing  surface  as  the  pole  step.  An  improved 
method  is  to  drill  out  the  center  liole  of  a  guy  clamp  to  a  suffi- 
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Fig.  122. 
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cient  size  to  take  a  cross-arm  bolt,  and  to  secure  the  clamp  to  the 

pole  by  means  of  such  a  bolt  driven  through  the  pole  in  the  usual 

manner.     The  suspension  wire  is  then  passed  through  the  upper 

groove,    and  securely  held   in  place  by  the 

two  end  bolts.     This  construction  is  shown 

in  Fig.  122,   where  a  represents  the  pole,  b 

the  suspension   wire,   c  the   cross-arm   bolt 

passed  through  the  center  hole  of  the  guy 

clamp,  and  d  d'  the  two  end  bolts  securing 

the  suspension  wire. 

A  special  fonn  of  hanger  has  been  de- 
vised to  take  the  place  of  the  guy  clamp.  It 
is  shown  in  Fig.  123.  It  consists  of  a  flat 
hook  a  made  of  ^-inch  galvanized  wrought 
iron  about  4  inches  wide.  It  is  fastened  to 
the  pole  by  means  of  a  cros.s-ann  bolt  b  6, 
The  suspension  wire  is  shown  in  section  at  d  ; 
and  the  retaining  bolt,  which  prevents  the  wire  fwni  getting  out 
of  pltice,  is  shown  at  c.  On  account  of  the  strength,  simplicity, 
and  cheapness  of  these  hooks,  this  method  is  the  one  most  to  be 
recommended.     A  more  elaborate  method,  and  one  to  be  recom- 
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mended  where  a  large  number  of  cables  are  to  be  supported  on  one 
pole,  is  to  iiave  a  specially  designed  cable  cross-arm.  One  of  these 
is  shown  in  Fig.  124,  and  consists  of  a  steel  angle  4^  inches  by  3 
inches,  constructed  of  J-inch  stock.  The  4J-inch  face  is  set  in  the 
gain  and  is  fastened  to  the  pole  and  braced  in  the  usual  manner. 
The  horizontal  face  is  for  the  support  of  the  suspension  wire,  and 
in  it  are  drilled  holes,  a,  6,  etc.,  the  extreme  one  being  4  inches  from 
the  end  of  the  beam  on  each  side.     The  other  holes  are  spaced  6 
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Fig.  124. 

inches,  with  the  exception  of  the  two  holes  nearest  the  pole, 
which  are  20  inches  apart.  The  holes  on  the  horizontal  face  are 
of  the  proper  size  to  take  a  ^-inch  bolt  of  special  length  to  secure 
the  guy  clamp  to  the  arm.  The  guy  clamps  are  secured  to  the 
arm  by  this  special  bolt  passed  through  their  center  holes,  and 
the  suspension  wires  are  passed,  through  one  of  the  grooves  in 
each  clamp  and  secured  by  the  two  end  bolts.  The  suspension 
wire  should  never  be  spliced;  but  when  the  end  is  reached  it 
should  be  secured  to  the  nearest  pole  in  the  same  manner  as  that 
adopted  for  guy  strand,  and  a  new  run  begun.  Suspension  wire 
is  usually  furnished  in  lengths  of  1,000  feet,  and  when  it  is  fo  be 
strung  it  is  run  off  on  the  ground,  and  then  hoisted  up  at  each 
pole.  The  suspension  wire  having  been  strung,  pulled  tight  with 
a  block  and  fall,  and  fastened,  the  work  of  running  the  cable 
should  be  started.  Great  care  must  be  taken  to  protect  the 
sheath  from  abrasions  or  kinks. 

There  are  several  good  ways  of  stringing  cable,  but  probably 
the  best  method  to  adopt  is  to  mount  the  reel  on  a  stout  truck  in 
such  a  manner  as  to  allow  it  to  unwind  and  let  the  cable  run  off. 
One  end  of  the  cable  is  fastened  securely  to  the  terminal  point, 
and  the  truck  is  driven  slowly  ahead.  A  man  seated  in  a  boat- 
swain's chair,  which  is  mounted  on  wheels  on  the  suspension  wire, 
raises  the  cable  up  to  the  wire  as  the  cable  unwinds,  and  secures 
it  temporarily  at  intervals  of  about  50  feet.  As  the  cable  un- 
winds, the  truck  is  driven  ahead  so  that  it  is  always  about  50  feet 
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in  advance  of  the  man  in  the  boatswaiirs  chair.  When  the  cable 
is  very  heavy,  and  tlierefore  difficult  of  manipuUition  by  the  man 
in  the  boat8w:iin\s  chair,  a  l)etter  method  is  to  foIKiW  that  shown 
in  Fig.  12/).  The  reel  is  mounted  as  shown,  so  that  it  unwinds 
from  the  U|)i)er  side.  The  suspension  wire  is  carried  down  to  the 
gn»uiid  Jit  an  angle  of  al)out  4!)"^  as  shown  at  a,  and  is  securely 
fastened.  It  is  better,  b»U  not  necessary,  Ui  have  two  rollers  h  h' 
over  which  the  cable  runs  as  it  passes  off  the  reel.     A  rope  strung 


Fi»j.  126. 

over  the  cross-mis  in  much  the  same  manner  as  that  described 
for  stringing  open  wires,  is  attached  to  the  end  of  the  cable  and 
serves  to  drag  it  along.  As  the  cable  begins  to  ascend,  a  man 
stjitioned  at  that  point  attaches  it  to  the  suspension  strand  by 
means  of  suitable  hangers,  which  move  along  the  suspension 
stnuid  with  the  cable.  As  the  cable  reaches  the  cross-arm,  a  man 
on  the  pole  lifts  the  rope  off  and  guides  the  hangers  past  the  point 
where  the  susi>ension  wii-o  is  fastened.  At  the  next  |M»le  the  same 
process  is  repeal(<l,  this  being  continued  until  the  cable  has  l>een 
stnmg.  One  disadvantage  in  this  mctlMKl  lies  in  the  f;ict  that  it 
retjuircs  the  siTvices  of  a  man  constantly  at  each  pole. 
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Another  method,  and  probably  the  best  of  all,  is  to  carry  the 
cable  in  a  stirrup  attached  to  a  wheel  that  runs  along  the  suspension 
wire.    The  wheel  is  guided  around  the  point  of  support  at  each  pole. 

Cable  Hangers.  The  old  method  of  supporting  cables  was 
to  wrap  a  stout  marlin  string  around  the  cable  and  the  suspension 
wire.  This  was  done  by  an  instrument  called  a  spinning  jenny, 
consisting  of  a  hollow  cylinder  made  in  two  halves.  The  section 
is  shown  at  a,  Fig.  126,  and  the  end  view  at  c.     Attached  to  one 


Fig.  126. 

end  of  the  cylinder  is  a  lug  h,  to  wliich  is  attached  the  rope  by 
means  of  which  it  is  drawn  along.  The  hole  through  the  center 
of  the  cylinder  is  large  enough  to  accommodate  the  cable  and  the 
suspension  wire.  The  marlin  is  wound  in  layei-s  on  the  jenny, 
which  is  placed  over  the  cable  and  the  suspension  wire,  the  two 
halves  being  held  together  by  a  suitable  device.  One  end  of  the 
MM 
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marlin  is  fastened  securely  and  the  jenny  is  pulled  forward.  As 
it  moves,  tlie  marlin  is  unwound,  and  wraps  itself  around  the  sus- 
pension wire  and  the  cable,  thus  holding  the  two  together.  The 
action  is  shown  in  Fig.  127.  Recently,  however,  this  method  has 
been  superseded  by  using  some  form  of  metallic  hanger.  The 
rtiost  approved  type  of  this  style  of  hanger  is  shown  in  Fig.  128. 
It  is  made  of  sheet  iron  tinned,  and  is  called  the  metropolitan 
clamp. 

The  cable  sheath  should  be  specially  protected  from  abrasions 
at  points  where  it  passes  poles,     During  high  wind^  the  cable 
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sways  to  some  extent,  and  a  certain  amount  of  ruhbiiig  bi*tween 
the  cable  sheath  and  the  pole  takes  place.  The  necessary  pro- 
tection from  abrasion  is  given  by  fastening  wooden  lagging  al)ont 
the  cable  with  niailin,  as  sliown  in   Fig.  12!),  wlu'te  a  denotes  the 
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suspension  wire,  b  and  b'  the  hangers,  and  c  and  c'  two  wooden 
strips  fastened  on  opposite  sides  of  the  cable  by  the  niarlin.  A 
Ijetter  way  is  to  give  the  cable  at  this  point  a  heavy  wnipping  of 
marlin  wound  close  together  and  in  several  layers.  This  is  more 
flexible  than  the  wood,  and  forms  a  better  cushion. 

Underground  Cable  Lines. 
In  large  cities  and  in  many 
towns,  laws  exist  against  the 
building  of  aerial  lines,  whether 
open- wire  or  cable.  In  many 
residential  suburbs,  the  inhabi- 
tants object  to  the  building  of 
aerial  lines  on  account  of  the  un- 
sightly appearance  of  the  poles. 
The  numl>er  of  underground 
lines  in  use  is  accordingly  in- 
creasing at  a  very  rapid  rate 
from  day  to  day.  While  under- 
ground wires  are  much  more  costly  to  build  than  aerial  lines, 
they  are  proof  against  injury  by  storms. 

When  telephone  cables  were  fn-st  put  undurground,  an  open 
trench  was  dug  and  the  cable  Wius  laid  in,  being  surrounded  with 
a  mixture  of  cement  and  sand.  Tiie  trench  was  then  filled.  It 
was  found,  however,  that  if  a  cable  became  defective,  the  whole 
trench  had  to  Ix;  dug  up  in  order  to  replace  it.  The  necessity  for 
some  form  of  duct  into   which  the  cables  could  be  drawn  was 
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apparent.  Disregarding  the  experimental  work  that  proved 
worthless,  the  first  form  of  duct  used  was  constructed  of  creosoted 
pine  in  the  shape  of  an  open  trough.  This  trough  was  laid  in 
the  trench,  the  cable  being  laid  in  it  and  the  earth  then  filled  in^ 
This  construction  proved  to  be  equally  defective  with  the  open 
trench  in  the  fact  that  the  cable  could  not  be  drawn  out  without 
opening  the  trench.  The  next  method  devised  was  to  construct  a 
circular  duct  of  the  form  shown  in  Figs.  130  and  130  a.  The  stand- 
ard size  consists  of  a  stick  of  timber  8  feet  long,  sawed  square, 
with  edges  41  inches.  Tlirough  the  axis  is  bored  a  hole  3  inches 
in  diameter.     One  end  of  the  stick  is  cut  with  a  tongue,  shown  at 
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a,  Fig.  130  ;  while  the  other  end  is  cut  with  a  recess,  shown  at  b, 
Fig.  130  a.  In  construction  tha  tongue  of  one  log  fits  into  the 
corresponding  recess  in  the  next  succeeding  log,  and  tlie  joint  is 
made  secure  by  pouring  in  hot  pitch.  These  logs,  or  ducts, 
called  pump  logs  by  some,  are  impregnated  with  creosote  in  the 
same  manner  as  the  cross-arms.  The  method  adopted  in  con- 
structing subways  with  this  form  of  duct  tubing,  is  illustrated  in 
Fig.  131.  A  trench  is  first  dug,  varying  in  depth  from  3  to  6 
feet  according  to  the  grade  of  the  street.  Creosoted  planks  2 
inches  thick,  shown  at  a  a ',  are  laid  in  the  bottom  of  the  trench 
for  a  foundation,  upon  which  is  placed  the  duct  tubing.  In  the 
present  case  there  are  12  ducts  being  laid,  3  rows  of  4  ducts  each. 
On  top  of  the  upper  layer  is  laid  a  roofing  of  creosoted  planking ; 
and  between  the  sides  of  the  ducts  and  the  trench  are  placed 
joists,  one  of  whicli  is  shown  at  e,  to  prevent  lateral  motion. 
The  earth  is  then  filled  in  and  packed  down.     One  of  the  men  on 
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top  of  the  ducU)  will  be  seen  with  a  h:imincr,  in  the  act  of  driving 
honu;  a  joist.  The  creosoU'cl  ducts  alumt  to  Ik;  used  are  sliown 
piled  iij)  at  the  side  of  the  excavation  at  f>.  The  depth  of  the 
trench  should  be  sn  regulated  that  the  top  ]>l:inkitig  is  at  least 
from  2] -to  3  feet  below  the  surface  of  the  road. 

Another  form  of  duct  tubin*'  which  has  coinc  into  use  sinccr 


Fig.  131. 

the  introduction  of  the  pump  log,  is  the  cement-lined  iron  pipe. 
The  method  of  constructing  it  is  shown. in  Fig.  132.  It  consists 
of  a  tube  8  feet  long  constructed  of  wrought  iron  .018  inch  thick, 
the  seam  being  fastened  by  rivets  placed  2  inches  on  centers  as 
shown  at  a  a'.  The  tul)e  is  lined  with  a  wall  of  Rosendale 
cement  about  |  inch  in  thickness,  shown  at  d.  Into  one  end  of 
the  tube  is  fitted  a  casting  of  the  form  shown  at  h  ;  while  into  the 
other  end  is  inserted  a  casting  of  the  form  shown  at  c.     The  cast- 
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ing  c  fits  securely  into  the  opening  at  h.     The  suiudard  size  of 
this  tube  hiis  a  3-inch  l»ole. 

In  setting  this  conduit   the  ends   are  butted  together,   the 
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Fig.  132. 

sockets  making  secure  joints,  and  yet  allowing  enough  play  for 
sUght  bends.  When  short  curves  have  to  be  made,  bent  tubes 
must  be  used.  This  conduit  is  laid  in  a  trench,  in  the  bottom  of 
which  is  placed  a  bed  of  concrete  about  6  inches  thick.     The  first 


Fig.  133. 

layer  of  tubes  is  covei-ed  with  a  layer  of  cement  mortar,  reaching 
to  the  heiglit  of  about  1  inch  above  the  top  of  the  tubes,  the 
second  layer  being  laid  upon  this.  This  process  is  repeated  for 
each  succeeding  layer.  In  Fig.  133  is  shown  the  method  of  con- 
structing a  subway  with  this  form  of  duct.     It  will  be  seen  that 
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the  Buies  of  the  trencli  are  walltni  in  with  roui^h  plankini^,  which 
acts  as  a  rt'tainiiijr  wall  for  tho  mortar  and  tho  fcucrete.  On  tin* 
top  of  the  uj)pt*r  layer  of  ducts  is  laid  a  layer  of  concrete  from  4 
to  t)  inches  in  depth.  The  earth  is  then  rilled  in  and  packe<l 
down  tif^htly. 

The  two  forms  of  conduit  just  descriU'd  have   Ikmmi  largely 
8Ui>er8eded  hy  those  made  of   vitrified  clay  or  terra-eotUi.     The 
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Fig.  136. 


vitrified  duet  has  the  advantages  of  cheapness,  ease  of  construc- 
tion, and  high  insulation,  besides  being  absolutely  proof  against 
all  forms  of  chemical  action.  One  form  of  this  duct  is  shown  in 
Fig.  134.  It  is  made  in  sections  2  feet  in  length.  The  edges  of 
the  hole  are  beveletl  to  facilitate  the  drawing  in  of  the  cable. 

Another  and  better  form  of  this  class  of  conduit  is  shown  in 
Fig.  135.  It  consists  of  sections  of  4  ducta  of  the  size  indicated. 
The  great  advantage  of  this  conduit  lies  in  the  fact  that  with  it  4 


% 


Fig.  l.'Vt. 

ducts  can  be  laid  with  the  same  amount  of  laljor  that  would  other- 
wise be  necessary  in  laying  only  one.  This  duct  is  laid  in  a  bed 
of  concrete  as  is  the  ca«e  with  the  cement-lined  pipe,  and  a 
cement  casing  is  built  all  around.  In  laying  the  duct  a  mandrel, 
shown  in  Fig.  136,  is  used.  It  is  of  wood,  3  inches  in  diameter  and 
30  inches  long.  At  one  end  is  atUiched  an  iron  eye  a,  and  at  the 
other  end  is  a  rubl>er  gasket  b  whose  diameter  slightly  exceeds 
that  of  the  interior  of  the  duct.  One  of  these  mandrels  is  placed 
in  each  duct  as  the  work  of  laying  is  begun ;  and  as  successive 
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sections  are  laid  around  it,  it  is  drawn  forward  so  that  |  of  its 
length  is  constantly  i)rojecting  beyond  the  end  of  the  last  duct 
laid.  By  this  means  good  alignment  is  secured,  and  whatever 
dirt  may  have  accumulated  in  the  ducts  during  the  process  of  con- 
struction is  swept  out.  In  Fig.  137  is  shown  the  process  of  con- 
struction as  followed  with  this  class  of  duct. 

On  first  consideration  it  might  seem  advantageous  to  con- 
struct subways  that  would  be  continuous  from  the  point  of  start- 
ing at  the  exchange  to  the  point  of  termination,  wherever  that 
might  be.     Such  a  course,  however,  would  necessitate  hauling  t!ie 


Fig.  137. 

cables  in  in  one  piece,  which,  even  if  it  were  possible,  would  be 
difficult  and  very  costly.  It  has  been  found  best  to  break  the 
subway  every  350  to  400  feet  by  a  suitable  chamber  dug  in 
the  earth,  called  a  manhole.  The  manhole  also  serves  to  furnish 
a  point  of  inspection.  Still  another  advantage  gained  by  having 
a  manhole  lies  in  the  fact  tliat  should  a  cable  become  defective  at 
any  point,  it  is  necessary  to  remove  only  the  section  between  the 
two  adjacent  manholes.  If  the  cable  were  laid  in  one  piece,  it 
would  be  necessary  to  remove  the  whole  cable.  The  construction 
of  manholes  is  very  important,  and  should  Ije  done  in  the  follow- 
ing manner: 

The  size  of  the  manhole  depends  upon  the  number  of  ducts, 
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but  it  should  bo  hirgc  enmigli  to  sillow  a  niaii  to  woik  with  julv.in- 
Uige.  Tlio  usual  form  is  thiit  of  a  rectingle.8  feet  by  4  feet,  and 
al)out  fi  feet  dwp.  The  walls  are  made  of  brick.  In  V'v^.  IIJH  is 
shown  the  elevation  of  a  manhole,  in  which  a  «'  denote  the  brick 
wall.  The  bottom  of  the  manhole,  in  the  Ijest  construction,  is 
made  of  cement  and  concrete  mixed  in  the  following  proportion: 

Good  Cement™ ~-~ 1  part. 

Sand 2  partB. 

Broken  Stone  5  parts. 


Fip.  1.'18. 

This  is  lai«l  to  a  depth  of  8  inchfs.  In  some  cases  the  man 
hole  is  drained  off  by  a  pipe  connection  to  the  sewer,  having  thf 
usual  trap  to  prevent  the  entrance  of  the  sewer  gases.  The  con- 
crete foundation  and  the  sewer  coimeetion  are  not  absolutely  n(*c  s- 
sary.  On  top  of  the  briek  work  is  placed  a  cast-iron  minlioK' 
head  shown  at  b  h.  The  bottom  of  this  casting  is  equipped  with 
a  circular  flange  e  e\  which,  when  in  place,  lies  up  against  the 
sides  of  the  brick  wall  and  prevents  lateral  motion.  Tiie  cjtsting 
is  reinforced  by  two  flanges  c  c',     A  second  circular  flange  d  d\ 
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projecting  upwards,  serves  as  a  rest  for  the  inner  cover  w,  whose 
edge  is  grooved  to  fit.  A  circular  rubber  gasket  is  placed  in  this 
flange,  making,  when  the  cover  is  in  place,  a  water-tight  joint.  In 
the  center  of  the  cover  is  a  cup-shaped  depression  w,  into  which 
fits  the  bolt  jt)  of  the  locking  bar  o,  which  is  itself  held  in  place  by 
a  groove  in  each  side  of  the  casting.  The  outer  cover,  shown  at 
»,  fits  on  a  seat  at  the  top  of  the  casting.  This  cover  is  heavier 
than  the  inner  one,  being  strong  enough  to  bear  the  weight  of 
heavy  trucks  ;  it  should  fit  securely  on  the  seat  and  not  rattle. 
TFie  ducts  are  shown  coming  through  the  side  of  the  wall. 


Fig.  139. 

In  Fig.  137  is  shown  in  tlie  foreground  a  manhole  in  course  of 
construction.  Where  the  manhole  is  large,  as  in  the  case  sliown 
in  the  figure,  it  would  be  impossible  to  corbel  the  brick  work  suf- 
ficiently to  make  the  opening  at  the  top  small  enough  to  support 
the  manhole  head.  In  this  case  two  iron  girders  are  laid  across 
the  top,  and  the  head  is  supported  on  them,  the  open  spaces  being 
filled  in  with  flat  brick  arch  work.  Fastened  to  the  sides  of 
the  hole  through  which  there  are  no  ducts  penetrating,  are  two 
stout  planks  to  which  are  attached  several  wrought  iron  liooks  for 
supporting  the  cables.  These  are  not  necessary,  but  usually 
accompany  the  best  construction. 

Manholes  are  sure  to  collect  more  or  less  gas,  which  is  drawn 
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ill  through  theducto.  Gus  and  sewer  pipes  soinctimes  pass  tlirough 
ihe  manholes,  and  the  gas  escapes  into  them  in  this  way.  Before 
any  work  is  done  in  a  manhole,  therefore,  it  shouhl  be  allowed  to 
stand  open  for  a  while  in  order  that  the  gas,  if  there  be  any,  may 
escape.  The  gas  can  be  removed  with  a  pump,  or  by  means  of  a 
contrivance  like  an  umbrella  with  ii  string  attitched  to  the  handle. 
This  is  lowered  into  the  hole  and  then  pulled  U[)  smartly,  the 
resistance  of  tlie  atmosphere  opening  it  and  thus  enabling  the  gas 
to  be  drawn  out.  A  very  good  method  of  securing  good  ventila- 
tion in  a  manhole  during  the  process  of  work,  is  to  erect  one  end 
of  a  long,  narrow  sheet  about  6  feet  above  the  side  of  the  hole 
op(>08ite  that  from  which  the  wind  is  blowing,  and  to  allow  the 
other  end  to  hang  down  into  the  hole.  The  wind,  striking  this 
slieet,  is  deflected  downward  into  the  hole,  and  forming  ati  eddy 
forces  up  the  gases  that  may  be  lodged  inside.  To  guard  as  much 
as  i)ossible  against  the  collection  of  giises  in  manholes,  the  ducts- 
not  in  use  Iiave  their  ends  closed  with  wooden  plugs. 

The  subway  is  brought  into  the  cellar  of  the  building  used 
for  the  central  office,  in  order  that  the  lines  may  be  brought  in  a 
suitable  manner  to  the  switchlx>ard.  In  doing  this  the  ducts  are 
either  terminated  in  a  vault  under  the  sidewalk,  or  are  caiTied 
through  the  cellar  wall  itself.  In  Fig.  139  is  shown  the  method  of 
laying  the  ducts  into  the  exchange  building.  They  come  from 
both  directions,  bend  at  right  angles,  and  pass  through  the  founda- 
tion wall  directly  under  the  hall  door.  In  lai"ge  exchanges  where 
a  great  number  of  ducts  terminate,  the  construction  necessary  for 
the  proper  handling  of  the  cables  is  sometimes  very  elaborate.  In 
Fig.  140  is  shown  a  system  of  piping  devised  for  continuing  the 
ducts  from  their  point  of  termination  in  the  cellar  wall  to  the 
place  where  the  cables  are  to  be  distributed,  and  for  arranging 
them  in  the  proper  order  to  facilitate  this  work.  It  consists  of  a 
numl>er  of  iron  j>ipes  a  a'  a"  etc.,  which  run  from  the  cellar  wall  c 
to  the  point  of  distribution.  They  are  supijorted  u|X)n  two  brick 
piers,  one  of  which  is  shown  at  6,  and  the  other  at  b'.  The  cables 
emerging  from  these  tul)e8  are  shown  at  e  e'  etc. ;  and  tlie  plugged 
ends  of  those  not  in  use,  at  m  m'  etc.  This  system  has  been  in- 
stalled in  one  of  the  lai-gest  exchanges  in  New  York  City. 

Orawins:  In  Cables.     The  subway  I)eing  constructed,  every- 
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thing  is  in  reiidiness  for  the  draWing-in  of  the  cables.  The  fii-st 
stt»p  in  this  direction  is  to  carry  a  rope  through  the  duct  into 
which  the  cable  is  to  be  drawn,  from  one  manhole  to  the  other. 
The  old  way  of  doing  this  work  was  called  redding,  and  consisted 
in  pushing  a  number  of  rods  through  the  duct,  the  end  of  each 
being  screwed  into  the  end  of  the  one  directly  in  front  of  it,  until 
enough  had  been  introduced  to  reach  from  one  manhole  to  the 
oUicr.  A  string  was  then  attached  to  the  last  rod,  and  the  rods 
were  pulled  out  of  the  duct  and  unscrewed  at  the  opposite  man- 


hole. When  the  last  rod  was  reached,  the  string  was  untied.  To 
the  opi)osite  end  of  the  string  was  then  fastened  a  stout  rope, 
which  was  in  turn  pulled  through.  A  better  way,  and  one  now 
practiced  altogether,  is  to  thread  a  string  through  each  duct  as  it 
is  being  laid,  and  fasten  the  ends  in  each  manhole  so  that  they 
cannot  be  accidentally  pulled  out.  A  stout  rope  is  then  attached 
to  the  end  of  one  of  these  strings  and  pulled  through.  The  cable 
is  in  turn  pulled  through  by  means  of  this  stout  rope,  in  the  fol- 
lowing manner: 

Tiie  reel  containing  the  cable  to  be  drawn  in  is  mounted  on 
the  edge  of  the  manhole,  as  shown  in  Fig.  141,  in  such  a  manner  as 
to  allow  the  cable  to  unwind  fiom  the  bottom.  Care  must  be 
taken  to  keep  the  sheath  from  touching  the  sharp  edge  of  the  hole 
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at  a,  and  for  this  purpotie  a  man  must  stand  in  tlie  liole  and  '*  feed  " 
the  cable  in.  The  stout  rope  is  fjistencd  to  the  end  of  the  cable  in 
one  of  seviTal  ways,  all  of  them  ^ood  aiul  yet  all  of  them  jMJSsess- 
iug  disudvantiiges.     One  method,  illustrated  in  Fig.  142,  consists 
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Fig.  141. 

in  fastening  over  the  oaMe-eiid  a  wrought-iron  clamp  such  as  that 

shown  in  the  figure,  by  moans  of  screws  passed  through  the  boles 

and  driven  into  the  cable.     The  rope  is  fastened  to  the  eye-piece 

<i,  and  the  cable  is  then  drawn  through  the  duct.     Another  method 

is  to  cut  away  the 

sheath  for  a  length 

of  two   feet,    and, 

bunching  the  con 

ductoi's      together, 

bend  them  back  in 

the  form  of  an  eye, 

fastening   them   to 

the  sheath,  as  shown    in  Fig.  14:5.     Still  another  way  is  to  wind 

around  the  sheatli  a  network  of  iron  wire,  leaving  an  eye  :it  the 

end  for  the  attachment  of  the  i-ope.     All  these  methods  require  a 

good  deal  of  time,  and  the  fii-st  two  necessitiite  wasting  about  2 

feet  of  the  cable. 

The  rope  being  fastened  to  the  ciible,  the  latter  is  drawn 

through  the  duct  by  means 
of  the  cajistan  </,  Fig.  141 
mounted  on  the  shaft  c  tiiat 
carries  the  drum  m  aliout 
which  the  n»|)e  is  woun<l. 
The  capstan  is  tunied  by  men  pushing  on  the  capstan  Ikh-s,  two  of 
which  are  shown  at  e  and  f'.     Sometimes  horse-|)ower  is  used  to 


Y\g.  148. 


147 


136 


TELEPHONY 


turn  the  drum,  and  one  company  haa  used  a  portable  engine  to 
perlorm  tliis  work.  There  seems,  however,  to  be  no  indication  of 
these  methods  coming  into  general  use.  In  pulling  in  the  length  of 
the  cable  in  the  section  between  the  central  office  and  the  fii-st 
manhole,  the  reel  is  mounted  in  the  central  office  and  the  pulling 
is  done  at  the  manhole. 

Splicing.  It  has  already  been  said  that  cables,  whether  un- 
derground or  aerial,  are  strung  in  sections.  Aerial  cables  are 
furnished  in  lengths  of  1,000  feet,  while  underground  cables  are 
furnished  in  lengths  corresponding  to- the  distances  between  the 
manholes  along  the  line  of  subway,  so  that  each  section  of  cable 
stretches  only  from  one  manhole  to  the  next.  In  order,  tlierefore, 
that  the  conductors  may  furnish  contin- 
nous  circuits,  those  of  one  section  of  cable 
must  be  joined  properly  to  those  of  the 
next  adjacent  section  ;  and  in  order  that 
moisture  may  not  attack  the  cable  at  these 
points  of  junction,  the  lead  sheath  must 
be  made  continuous  throughout  the  whole 
length  of  the  cable.  This  work  is  called 
splicing,  and  is  done  in  the  following 
manner : 

In  stringing  aerial  cables,  the  ends  of 
adjacent  sections  are  allowed  to  overlap 
about  18  inches.  In  pulling  in  under- 
ground cables  enough  slack  is  left  in  each 
manhole  to  allow  the  cable  to  be  placed  on 
its  proper  supporting  hook,  or,  wanting 
these,  to  lie  loosely  on  the  floor ;  also,  as  in 
the  case  of  aerial  cables,  the  ends  of  adja- 
cent sections  are  allowed  to  overlap  about  18  inches.  In  making 
a  splice,  the  lead  sheath  on  the  two  adjacent  ends  is  cut  away 
for  about  2  feet,  exposing  the  conductors.  This  work  must 
be  done  very  adroitly,  so  as  not  to  cut  the  cotton  wrapping  or 
injure  the  paper  insulation  in  any  way.  The  tools  needed  for  this 
woik  comprise  a  cliipping  knife  and  a  hammer.  The  chipping 
knife,  shown  in  Fig.  144,  is  a  blunt  heavy  knife  of  wrought  steel, 
with  an  edge  a  a,  a  broad  back  6,  and  a  handle  c.     The  method  of 
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cutting  off  the  sheath  is  shown  in  Fig.  145.  At  a  point  about  2 
feet  from  the  end  of  the  sheath,  a  groove  a  in  depth  about  half 
the  thickness  of  tiie  sheath  is  cut  nil  round.  St;irting  at  the  end 
of  the  cable,  holding  the  cliii>- 
ping  knife  as  shown,  and  striking 
\vith  the  hammer  in  the  direction 
shown  by  the  arrow  r,  a  longi- 
tudinal groove  is  cut  to  meet  a. 
The  arrow  b  shows  the  direction 
in  which  the  knife  blade  is  driven 
under  the  blows  of  the  hammer, 
and  it  will  be  seen  to  l)e  tan- 
gential to  the  conductors,  so  that, 
should  the  knife  be  driven  too 
deeply,  the  insulation  will  not  be 
injured.  The  lead  sheath  being  thus  removed,  the  cotton  binding 
is  wound  tightly,  and  tied  at  a  point  about  half  an  inch  from  its 


Fig.  145. 


Fig.  140. 

end,  as  shown  at  rt.  Fig.  146.  The  conductore  are  then  spread  out 
jis  shown  at  b  b'  b"  etc.  Both  ends  are  treated  in  this  manner. 
A  lead  sleeve  al)out  2  feet  long,  whose  diameter  exceetls  that  of  tiie 
cable  by  from  1  to  2  inches  according  to  the  size  of  the  cable,  ia 


Fig.  147. 

then  slipped  over  one  of  the  ends,  after  having  its  edges  tapered 
off  with  a  file  as  shown  at  c  in  the  figure.  The  two  cable-ends  are 
then  brought  near  enough  together  to  make  the  distance  separating 
the  ends  of  the  sheaths  about  18  inches.  A  pair  from  each  cable 
is  then  tiiken,  and  the  insuhition  is  removed  from  the  wires  in  such 
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a  nisuiner  tliat  when  the  wires  are  placed  as  shown  at  a  and  A, 
Y'ltf.  IIT,  tlio  ends  of  tho  insulHtion  coiiki  loj^etlicr.  A  ]>:i|M'r 
sleeve  2|  inches  long  is  then  slipped  over  each  conductor  of  each 
pair  in  one  of  the  cahlcs,  as  shown  at  c  c'  c".  The  red-covered 
wires  are  then  joined  together  as  shown  at  a'  b\  the  joint  being 
bent  flat  as  at  a"  b",  after  which  the  cotton  sleeve  is  moved  over 
the  joint  as  at  c'".  The  two  white  covered  wires  are  then  treated 
in  the  same  manner,  and  this  process  is  repeated  until  all  the  paii-s 
of  one  cable  have  been  joined  to  those  of  the  next,  red  to  red,  and 
white  to  white.  The  appearance  will  be  as  shown  At  a  b  c  etc., 
Fig.  148.  Care  should  be  taken  not  to  have  all  the  joints  situated 
in  the  same  locality.  They  should  be  spread  out  over  a  distance 
about  12  inches  long. 

To  make  a  splice  of  this  sort  properly,  the  two  cables  should 


Fig.  148. 

be  laid  horizontally  and  at  the  same  level.  Aerial  cables  naturally 
jissume  this  position,  and  the  cable  splicer  sits  in  a  boatswain's 
chair  hung  from  the  suspension  wire.  In  the  case  of  underground 
cables,  the  best  way  is  to  place  the  end  of  each  on  a  box  or  barrel. 
The  conductors  having  been  spliced  as  shown  in  Fig.  148,  the  next 
process  is  that  of  boiling  out.  For  this  purpose  paraffine  is  heated 
in  a  metal  trough  over  a  portable  furnace  such  as  plumbers  use. 
The  paraffine  should  be  thoroughly  heated  to  expel  whatever 
moisture  may  be  contained  therein,  and  in  order  to  determine 
when  it  is  hot  enough  the  following  points  may  be  observed : 

When  paraffine  becomes  thoroughly  melted  it  emits  a  lights 
colored  smoke,  which  assumes  a  dark  hue  just  before  the  paraffine 
bui-sts  into  flame.  It  is  just  when  the  dark  smoke  is  first  seen 
that  the  paraffine  is  at  the  right  temperature  to  be  used.  A  very 
simple  and  absolutely  reliable  test  —  one  resorted  to  by  cable 
splicers  —  is  to  spit  into  the  paraffine.  When  the  paraffine  is  hot 
enough  the  saliva  is  insbintly  thrown  off. 

When  the  paraffine  is  of  the  proper  temperature  it  is  poured 
over  the  splice  with  a  ladle,  and  permeates  all  the  spaces  belweeii 


160 


TELEPHONY  189 


the  wires,  making  them  air-tight  and  driving  out  wliatever 
moisture  may  be  contained  in  the  insulation.  It  also  saturates 
the  cotton  sleeving.  When  sufTieient  pirafline  h;w  thus  l)een 
poured  on,  tlie  conductors  are  Ixiund  together  as  tightly  as  |)08- 
sible  with  cotton  thread,  and  tlie  lead  sleeve  is  moved  up  into 
place.  The  ends  of  the  sleeve  are  hammered  down  to  make  a 
binding  fit  on  the  sheath,  and  a  joint  is  wiped  at  each  end.  To  do 
tliis  a  quantity  of  hard  solder  is  melted  in  a  pot  over  a  plumber's 
furnace.  The  bent  surfaces  of  the  sleeve  are  rubbed  with  tallow, 
as  are  also  the  two  sheaths,  to  a  point  one  inch  from  the  edges  of 
the  sleeve.  The  metal  is  then  poured  over  the  joints,  and  rubbed 
into  place  with  a  cloth  pad,  until  a  sufiBcient  amount  has  been 
made  to  adhere  to  the  two  surfaces.  It  is  then  allowed  to  cool. 
At  the  completion  of  the  work,  the  joint  is  as  shown  at  a  b  c.  Fig. 
140,  where  the  space  occupied  by  the  wires  is  shown  between  the 
lines  X  X  z  etc.,  /,  and  /'.     The  sheath  underneath  the  joint  is 

0-\     \f'  a  f.     ie 

Fig.  149. 

enclosed  in  the  lines  g'  f^  h'  and  g^f^  and  h.  The  edges  of  the 
sleeve  are  denoted  by  the  lines  e  e' \  and  the  spaces  m  n  m'  n' 
are  filled  with  the  wiping  metiil. 

In  splicing  cables  it  is  advantageous  to  preserve  the  position 
of  the  pairs  throughout;  that  is  to  say,  the  middle  pair  in  the 
firet  section  is  spliced  to  the  middle  pair  in  the  second  section, 
which  in  turn  is  spliced  to  the  middle  pair  in  the  third  section, 
etc.  The  first  pair  in  the  outer  layer  of  the  first  section  is  spliced 
to  the  corresponding  pair  in  the  succeeding  section,  and  so  on. 
Observance  of  this  rule  facilitates  the  work  of  testing  out  after 
the  cable  has  been  finished. 

In  making  a  wiped  joint  the  principal  jwint  to  be  guarded 
against  is  to  keep  the  wiping  nu't^il  from  running  under  llie 
sleeve  onto  the  conductors,  burning  off  the  insulation,  and  ruining 
the  cable.  To  this  end  the  work  must  be  done  as  quickly  and 
adroitly  as  possible. 

At  the  iwo  terminating  points  of  the  cable  —  the  central 
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office  and  the  end  of  the  lino  —  the  conductors  are  spliced  to  wire 
having  some  form  of  waterproof  insulation,  or  to  a  cable  made  up 
of  such  wires.  The  ends  of  the  lead  cable  are  then  sealed  up 
hermetically  so  that  no  moisture  can  enter.  Such  an  arrangement 
is  called  a  pot-head,  and  is  made  in  the  following  manner  : 

The  waterproof  wire  used  for  splicing  to  the  conductors  of 
tlie  lead  cHi)le  is  IS'o.  19  J^.  &  S.  jraiige  tinned,  and  has  rubber 
insulation.  The  insulation  is  not  covered  with  braid,  as  tiiere 
is  slight  chance  of  mechanical  injury.  This  wire  is  usually  made 
into  a  cable,  the  pairs  being  bound  together  with  waxed  thread. 
Such  a  cable  is  called  a  pot-head  cable,  and  the  number  of  its 
pairs  must  always  correspond  to  the  number  of  pairs  in  the  lead 
cable  to  which  it  is  to  be  spliced. 

The  method  employed  in  making  the  splice  is  the  same  i\s 
that  already  described.  The  lead  sleeve  is  wiped  at  one  end  to 
the  cable  sheath  in  the  usual  way;  the  other  end  projects  above 
the  end  of  the  sheath  about  18  inches.  After  the  splice  has  been 
boiled  out  in  the  usual  manner,  and  the  joint  wiped,  the  space  be- 
tween the  wires  and  the  sleeve  is  filled  with  a  compound  of  rosin 
and  oil,  which  is  heated  into  liquid  form  so  that  it  fills  not  only 
the  space  between  the  wires  and  the  sheath,  but  also  that  between 
the  wires  themselves.  A  sufficient  quantity  of  the  compound  is 
poured  in  to  fill  the  space  up  to  the  top  of  the  sleeve.  It  is  then 
allowed  to  cool,  and  in  doing  so  hardens,  and  forms  a  solid  mass 
that  prevents  any  moisture  from  entering  the  cable. 

Submarine  Cables.  As  their  name  implies,  submarine  cables 
are  used  where  it  is  necessary  to  carry  the  line  underneath  water, 
as,  for  example,  in  crossing  navigable  rivers  when  the  presence  of 
overhead  lines  would  interfere  with  traffic.  The  usual  construction 
of  a  submarine  cable  calls  for  each  conductor  to  be  made  of  three 
strands  of  No.  2^  B.  &  S.  gauge  copper  wire  tinned,  rubber  insula- 
tion being  used.  The  conductors  forming  a  pair  are  twisted  to- 
gether, the  length  of  the  twist  not  exceeding  6  inches.  The  pairs 
are  bound  together  with  cotton  thread  saturated  in  paraffine,  and 
the  whole  is  incased  in  a  lead  sheath  of  the  usual  construction. 
Over  the  lead  sheath,  steel  wires  of  a  diameter  of  .2  inch  are  wound 
helically.  These  steel  wires  constitute  the  armor,  and  are  provided 
to  protect  the  cable  against' mechanical  injury.     Over  this  armor  is 
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wound  very  tightly  a  layer  of  tarred  oakum,  to  protect  the  wires 
from  the  action  of  the  water.  In  Fig.  150  is  shown  the  cross-setftiou 
of  an  armored  submarine  cable,  in  which  the  conductors  are  shown 
at  a  a'  a,"  etc.,  with  their  rubber  insulation.  The  paraffined  cotton 
binding  is  sliown  at  b,  and  the  lead  sheath  at  c.  At  d  d'  d'\  etc.,  are 
seen  the  armor  wires,  with  the  marlin  binding  at  e.  This  form  of 
cable,  owing  to  the  use  of  rubber  for  insulation  and  to  the  fact  that 
the  armor  wires  surround  the  whole,  has  a  very  high  static  capacity, 
which  is  increased  when  the  cable  is  laid,  because  of  the  presence  of 
the  water  in  such  close  proximity.  The  use  of  the  stranded  con- 
ductors is  to  give  the  cable  increased  flexibility,  enal)ling  it  better  to 
conform  to  the  contour  of  the  bottom  upon  which  it  is  laid. 

In  order  to  reduce  the  capacity  o 

of  the  cable  as  much  as  possible,  the  *\.,.iS9?Y?5fe^         -* 

Long  Distance  Company  are  using       ^       j^^^^^^^^^i 
a  submarine  cable  in  which  the  in-         ^^T^^^P^P^^^^T^ 
sulation  is  of  paper  saturated  with       aC,   (w||^^^^^^^|HL—<r' 
asphalt.     The  armor  wires  are  re-       ^"^^^@i^^^^^^^"^ 
placed    by   a    second   lead   sheath  ^o^^^^^^S^ 

placed  outside  of  the  first  one.   This  ^^^JLX^^ 

style  of  cable  gives  good  satisfaction  pig.  igo. 

for  short  lengths,  but  is  much  more 

easily  injured  by  mechanical  shocks  than  the  other  described.  For 
long  spans — 200  feet  and  more  —  the  armored  cable  is  to  be 
preferred. 

In  terminating  rubber-insulated  submarine  cables  it  is  not 
necessary  to  make  a  pot-head,  as  the  nature  of  the  insulation  itself 
precludes  the  entrance  of  moisture.  In  terminating  the  asphalt- 
filled  cable,  the  usual  pot-head  must  be  made. 

TRANSPOSITION. 

It-is  a  well-known  fact  following  from  the  laws  of  self-induc- 
tion and  mutual  induction,  that  if  two  wires  be  placed  parallel  to 
each  other,  an  alternating  current  flowing  in  one  wire  will  induce 
similar  and  opjwsite  currents  in  the  other.  These  induced  currents 
may  be  caused  by  the  presence  of  the  magnetic  field  set  up  around  the 
first  wire,  or  may  be  due  to  the  electric  stress  set  up  between 
the  two  wires.     The  first  is  called  electro-magnetic  induction,  and 
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the  second  electrostatic  induction.  Electro-magnetic  induction  is 
illustrated  in  Fig.  151.  Suppose  that  in  the  line  a  h  an  alternating 
current  is  flowing,  and  that  the  alternating  magnetic  field  set  up 
thereby  is  represented  by  the  concentric  circles.  As  these  magnetic 
lines  cut  the  telephone  circuit  c  carrying  the  two  receivers  e  and  d 
an  induced  current  will  be  set  up  in  the  telephone  circuit,  which 
either  opposes  or  agrees  in  direction  with  that  of  the  current  flowing 
at  that  instant  in  the  first  circuit.     This  induced  current  will  maui- 
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fast  itself  by  the  presence  of  noise  in  the  two  receivers.  As  the  cur- 
rent in  the  wire  a  h  increases,  the  induced  magnetic  field,  becoming 
therefore  stronger,  will  cut  across  the  wire  c,  and  the  induced  cur- 
rent will  be  in  the  opposite  direction  to  that  which  induces  it.  As 
the  current  in  a  h  decreases,  the  induced  field  will  contract  towards 
the  wire  cutting  the  line  c  in  the  reverse  direction,  and  inducing  a 
current  therein,  which  is  in  the  same  direction  as  that  in  the  line 
a  h. 

a ^ & 
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Fig.  152. 

In  Fig.  152  is  illustrated  the  nature  of  electrostatic  induction. 
Suppose  the  line  a  b  again  to  be  the  disturbing  wire  carrying  an 
alternating  current.  Under  these  conditions  the  medium  around  it 
will  receive  alternate  positive  and  negative  charges.  Consider  the 
instant  when  it  receives  a  positive  charge,  as  shown  in  the  diagram. 
The  medium  surrounding  the  telephone  wire  -vVill  by  static  induction 
receive  a  negative  charge ;  the  positive  charge,  being  repelled  by  that 
on  the  disturbing  wire,  will  flow  to  ground  in  the  direction  indi- 
cated by  the  arrows.  With  each  alternation  in  the  disturbing  cur- 
rent, the  direction  of  flow  of  this  repelled  current  is  changed,  with 
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the  resultant  noise  in  the  receiver.  Such  a  «listurbance  would  be 
produced  by  the  proximity  of.  electric  light  and  i^wer  wires  running 
parallel  to  the  telephone  lines.  This  kind  of  disturbance  will  be 
treated  in  greater  detail  later  on.  It  will  be  evident  that  tlie 
same  effect  will  also  be  produced  by  two  telephone  lines  running 
parallel  and  in  close  proximity.  In  this  case  the  effect  of  the 
induced  currents  would  be  not  merely  to  produce  noise,  but  to 
repeat  on  ont?  line,  more  or  less  distinctly,  the  conversation  carried 
on  over  the  other.     Such  an  effect  is  called  cross-talk. 

Mr.  J.  J.  Carty,  cliief  engineer  of  the  New  York  Telephone 
Company,  carried  on  a  series  of  experiments  to  prove  that  cross-talk 
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was  not  the  result  of  electro-mngnetic  induction,  but  wholly  due  to 
ele.trostatic  induction.  In  Fig.  153  is  shown  his  method  of  experi- 
mentation. The  line  a  J,  one  end  a  being  open,  had  the  other  end 
grounded  through  the  secondary  winding  of  an  induction  coil.  The 
primary  winding  was  connected  through  a  transmitter  to  a  battery. 
A  constantly  vibrating  tuning  fork  placed  in  front  of  the  transmitter 
caused  an  alternating  current  to  be  induced  in  the  line  a  h.  Since 
one  end  of  this  line  remained  open,  the  only  current  that  could  flow 
was  that  necessary  to  charge  the  line  up  to  the  potential  of  the  im- 
pressed K  M.  F.  Therefore  the  electro-magnetic  induction  was 
negligible.  At  the  moment  when  a  positive  char^je  was  held  on  the 
line  a  h,  a  negative  charge  was  induced  on  the  other  line,  the  posi- 
tive charge,  as  already  explauied,  being  driven  to  earth  in  the  direc- 
tion shown  by  the  arrows.  As  the  charge  on  the  wire  a  h  changes 
from  positive  to  negative,  that  on  the  other  line  changes  from  nega- 
tive to  positive,  the  negative  charge  being  released  and  driven  to 


155 


144  TELEPHONY 


earth  by  the  path  already  described,  and  its  place  being  taken  by 
the  positive  charge  wliich  flows  up  from  the  earth  at  both  ends  of  the 
line.  As  a  result  the  current  flow  in  this  line  was  either  from 
the  center  toward  both  ends,  or  from  both  ends  toward  the  center. 
The  lines  used  by  Mr.  Carty  were  each  200  feet  long,  and  separated 
from  each  other  by  ^  inch.  The  nature  and  direction  of  curreiit 
flow  was  proven  by  the  fact  that  a  receiver  d  placed  in  the  center  of 
the  line  gave  perfect  silence,  while  noise  was  heard  in  the  other  two. 
The  proof  was  made  still  stronger  by  the  fact  that  when  the  wire 
was  opened  at  its  center  point  noise  was  still  heard  in  the  two 
receivers  c  and  e. 

When  the  line  between  Boston  and  New  York  was  built,  and 
telephone  communication  first  established  between  these  two  cities, 
it  was  found  that  cross-talk  was  very  marked,  and  in  some  cases  so 
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Fig.  154. 

serious  as  to  interfere  with  conversation.  It  was  this  fact  that 
started  Mr.  Carty  on  his  series  of  experiments,  with  the  results 
already  given. 

So  far,  grounded  circuits  only  have  been  considered.  If  the 
telephone  circuit  is  metallic,  and  the  disturbing  wire  is  placed  so  as 
to  be  at  equal  distances  from  the  two  conductors  of  the  telephone 
circuit,  no  induced  current  will  be  produced  in  the  latter,  since,  if 
the  disturbing  wire  has  a  positive  charge  at  any  time,  the  surfaces  of 
the  two  telephone  conductors  nearest  to  it  will  have  a  negative 
charge,  while  those  most  remote  will  have  a  positive.  As  the 
charge  on  the  disturbing  wire  changes  to  negative,  that  on  the 
adjacent  surfaces  will  change  to  positive,  while  that  on  the  remote 
surfaces  will  become  negative.  Since  the  telephone  circuit  is  not 
grounded,  it  is  obvious  that  the  only  way  for  this  change  to  take  place, 
is  by  the  current  flowing  across  the  wire,  which  produces  no  noise. 
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When  the  two  conductors  of  the  telephone  circuit  are  at  un- 
equal  distances  from  the  disturbing  wire,  a  different  condition  pre- 
vails. This  is  shown  in  Fig.  154.  At  the  instant  that  the  disturbing 
wire  receives-a  negative  charge,  a  positive  charge  is  induced  on  the 
adjacent  surface  of  the  nearest  telephone  conductor,  the  negative 
charge  being  repelled  to  the  remote  conductor,  causing  a  flow  of 
current  away  from  the  receiver  c  towards  the  receiver  /,  in  the 
direction  indicated  by  the  arrow,  with  a  resultant  noise  in  the 
receivers  e  and  d. 

It  will  now  be  apparent  tliat  if  two  metallic  telephone  lines 
are  placed  side  by  side,  the  conductors  of  the  circuits  not  being  dis- 
[Hjsed  symmetrically  with  respect  to  each  other,  an  effect  similar  to 
that  illustrated  in  Fig.  154  will  be  produced  and  cross-talk  will  re- 
sult. This  condition  is  overcome  by  transposing  the  conductors  of 
one  of  the  circuits  at  certain  intervals  as  shown  in  Fig.  155,  where 
a  o'  is  one  circuit  and  h  b'  the  other.  At  e  and  d  the  position  of 
the  conductors  of  the  latter  circuit  is  reversed  so  that  both  are 
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equally  exposed  to  the  effect  of  the  circuit  a  a'.  As  a  result,  any 
disturbing  influences  coming  from  a  a'  are  felt  equally  by  both  con- 
ductors of  the  circuit  h  h',  the  induced  current  in  one  conductor  bal- 
ancing that  in  the  other,  vrith  the  result  that  no  current  flows. 
This  is  called  transposition,  and  is  resorted  to  on  all  open-wire 
lines  to  prevent  cross-talk.  Quite  an  elaborate  scheme  has  been 
worked  out  for  transposing  the  conductors  on  lines  carrying  several 
cross-arms.  The  scheme  is  shown  in  Fig.  156,  and  is  described  as 
follows : 

Starting  from  the  first  pole,  a  distance  of  1,300  feet  is  measured 
off,  and  the  pole  nearest  to  this  point  is  marked  A.  From  the  pole 
A,  a  second  1,300  feet  is  measured  off,  and  the  pole  at  this  point 
marked  B.  Another  1,300  feet  is  measured  off,  and  the  pole  at  this 
point  marked  C.  The  distance  is  again  measured,  and  the  correspond- 
ing pole  marked  B.     This  process  is  continued,  the  transposition  poles 
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being  marked  as  shown  by  the  capital  letters  in  the  diagram. 
Referring  to  the  top  arm,  at  the  A  poles  the  wires  on  pins  1  and  2, 
3  and  4,  9  and  10,  are  transposed.  At  the  B  poles  the  wirqs  on 
pins  7  and  8  are  transposed ;  while  at  the  C  poles  those  on  pins  3  and  4, 
5  and  6  are  transposed.  Referring  to  the  second  arm,  on  the  A  poles 
the  wires  on  pins  15  and  16,  17  and  18  are  transposed;  while  on 
the  B  poles  the  wires  on  pins  13  and  14  are  transposed.  On  the 
C  poles  the  transpositions  are  made  in  the  wires  on  pins  11  and  12, 
17  and  18,  19  and  20. 


Fig.  156. 

When  a  third  arm  is  placed,  the  wires  on  this  are  transposed' 
the  same  as  those  on  the  first;  and  should  a  fourth  arm  be  used  its 
wires  would  be  transposed  similarly  to  those  on  the  second.  The 
method  of  cutting  in  the  transpositions  is  shown  in  Fig.  157  and 
Fig.  158.  The  former  is  applicable  to  the  case  where  the  insulators 
are  on  the  same  side  of  the  pole,  while  the  latter  is  used  when  the 
pole  lies  between  the  two  insulators.  Referring  to  Fig.  157,  the  wire 
a,  being  one  conductor  of  the  pair,  is  brought  around  the  top  gl^ss  of 
a  transposition  insulator  x,  and  secured  by  a  Mclntire  sleeve  h. 
The  free  end  is  run  through  a  second  sleeve  e.  The  wire  a',  being 
that  to  which  a  is  to  be  transposed,  is  cut  through  the  sleeve  d', 
the  short  end  being  wound  around  the  upper  glass  of  the  transposi- 
tion insulator  x',  brought  through  the  sleeve  6',  and  ended  in 
the  sleeve  c.  The  wire  a',  being  the  mate  of  a,  is  brought  round  the 
lower  glass  of  the  transposition  insulator  a/,  passed  through  the 
sleeve  h',  the  free  end  being  terminated  in  the  sleeve  c/  The  wire  a, 
being  that  to  which  a'  is  to  be  transposed,  is  cut  through  the  sleeve 
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d,  the  short  end  beiiij;  wouiul  around  the  lower  glass  of  the  transpo- 
sition insulator  x,  passed  throuj^h  the  sleeve  6,  and  terminated  in  the 
sleeve  c'. 


Fig.  167. 

It  will  be  observed  that  the  transposing  wires  run  between  the 
two  upper  and  the  two  lower  glasses  respectively,  so  that  there  is 
no  chance  for  them  to  come  in  contact.  In  Fig.  158  the  pole  is 
represented  at  P,  and  to  avoid  it  the  transposing  wires  are  carried 


Fig.  158. 

around  the  insulators  before  crossing  over.     Otherwise  the  method  is 
the  .same  as  that  shown  in  Fig.  157.    This  is  called  a  transposition. 

TERHINAL  POINTS. 

The  terminal  points  of  a  line,  as  the  name  indicates,  are  the 
points  in  which  the  line  terminates.  In  the  ca.se  of  trunk  lines  the 
terminal  points  are  the  two  e.xchanges  tliat  the  lines  connect  In 
the  case  of  subscriber  lines,  one  terminal  is  the  exchange,  and  the 
other  the  subscriber  telephone.  The  term  is  also  used  to  denote  the 
point  where  a  certain  class  of  line  ends,  the  circuits  being  continued 
by  another  class  of  line  —  for  example,  the  point  where  a  cable  linfc 
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Fig.  159. 

is  a  box  made  of  pine,  strongly  put 
to  enable  all  the  conductors  in  the 
and  permanently  terminated  within 


is  connected  to  an  oi)en-wire 
line,  or  where  a  submarine 
cable  line  ends. 

The  method  of  terminat- 
ing lines  in  an  exchange,  con- 
sists, in  the  case  of  cables,  in 
making  a  pot-head  in  the  man- 
ner already  described,  and  con- 
necting the  conductors  of  the 
pot-head  cable  to  a  piece  of 
apparatus  called  the  "  main 
distributing  frame."  This  sub- 
ject will  be  described  in  detail 
under  the  heading  of  "Tele- 
phone Exchanges,"  where  it 
properly  belongs.  Where  the 
line  approaching  the  exchange 
is  of  the  open-wire  type,  it  is 
connected  to  a  bridle  cable  at 
the  point  nearest  the  exchange, 
the  bridle  cable  being  carried 
inside.  The  manner  of  termi- 
nating open-wire  lines  outside 
of  an  exchange  consists  in 
simply  dead-ending  them  on 
the  insulators  in  the  way  al- 
ready described,  terminal  cross- 
arms  being  used. 

The  terminating  of  a  cable, 
whether  aerial,underground,  or 
submarine,  is  a  more  elaborate 
affair  and  needs  to  be  done 
with  great  care.  In  this  case 
a  piece  of  apparatus  called  a 
cable  box  is  used.  A  cable  box 
together  and  of  sufficient  size 
cable  to  be  arranged  in  order 
the  box.      It   should   be  per- 
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fectly  water-tight,  aud  the  door  should  be  so  constructed  as  to 
prevent  the  rain  from  entering  on  being  opened  in  wet  weather. 
In  Fig.  159  is  shown  at  a,  a  cable  box  mounted  on  a  pole. 
The  roof  b  is  made  to  slant  towards  the  pole,  and  projects  suffi- 
ciently over  the  side  and  at  the  front  to  throw  off  water.  The 
arrangement  of  the  apparatus  inside  of  a  cable  box  is  shown  in  Fig. 
160.  The  underground  cable  or  submarine  cable,  as  the  case  may 
be,  is  brought  up  through  a  hole  in  the  center  of  the  box,  the  pot- 
head  being  shown  at  a  in  the  figure.  The  pot-head  cable  is  fanned 
out,  or  formed,  in  the  manner  shown,  and  its  conductors  are 
attached  to  the  binding-posts  arranged  on  two  strips  d  and  d'.  At 
e,  i^,  h,  and  h'  are  four  strips  of  maple  cleats  with  holes  bored 
through  them  horizontally,  as 
shown  by  the  dotted  lines. 
These  cleats  and  the  strips  of 
binding-posts  are  firmly  screwed 
to  the  back  of  the  cable  box. 
At  the  left-hand  side  of  the 
box,  at  by  is  shown  a  bridle 
cable,  which  comes  down  from 
the  cross-arm,  where  it  takes 
the  open  wires.  It  is  formed 
as  shown,  and  is  connected  to 
the  strip  of  binding-posts  i\ 
At  the  right-hand  side  of  the 
box,  at  e,  is  seen  an  aerial  lead 
cable,  which  comes  down  from 
above,  aud  which,  being  formed, 
is   connected    to   the  binding- 
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|K)sts  on  the  strip  t.  Referring  to  the  two  strips  d  and  d',  and  beginning 
at  the  top  of  the  latter,  the  binding-posts  are  numbered  downward  in 
series  from  1.  For  example,  the  top  post  is  No.  1,  the  second  No.  2, 
the  third  No.  3,  etc  Assuming  that  there  are  50  binding-posts  on 
each  strip,  the  bottom  one  on  strip  d'  would  be  No.  50.  The  post  at 
the  top  of  strip  d  would  be  No.  51,  and  the  bottom  one  on  this 
strip  No.  100.  In  connecting  up  the  cable  conductors  to  these 
posts,  the  first  \mT  is  placed  on  p<jsts  Nos.  1  and  2,  the  second 
pair  on  posts  Nos.  3  and  4,  and  8<^  on.      The  binding-posts  on  the 
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strips  i  and  i'  are  also  numbered  from  the  top  downward  in  series ; 
that  at  the  top  of  strip  i  is  No.  1,  as  is  also  that  at  the  top  of  strip 
i'.  The  wires  in  these  two  cables  are  connected  in  pairs  exactly 
similar  to  those  of  the  underground  type.  The  pairs  in  the  under- 
ground cable  are  connected  to  those  in  the  bridle  and  aerial  lead 
cables  by  what  is  known  as  cross-connecting.  By  means  of  a 
piece  of  twisted  pair  wire  No.  19  B.  &  S.  gauge,  rubber-insulated,  and 
braid-covered,  the  proper  connections  can  be  made.  One  end  of  each 
wire  of  the  pair  is  connected  to  the  proper  binding-post  of  the 
underground  cable,  the  other  ends  being  connected  to  the  proper 
binding  posts  of  the  bridle  or  the  aerial  lead  cable,  as  the  case  may 

be.  The  cross-connecting  wire  is 
passed  through  the  holes  in  the 
cleats  as  shown.  Should  it  be  neces- 
sary to  connect  a  pair  of  the  under- 
ground, terminating  on  the  left-hand 
strip  of  binding-posts,  with  a  pair 
in  the  aerial  lead  cable,  the  cross- 
connecting  wire,  after  being  passed 
through  the  hole  in  the  cleat  e',  is 
carried  to  the  top  of  the  box  and  is 
T3assed  through  two  japanned  iron 
rings  to  the  right-hand  side  of  the 
box,  to  the  proper  point.  The  same 
practice  would  be  resorted  to  if  it  were  desired  to  connect  a  pair 
on  the  strip  d  with  one  on  the  strip  i'. 

Whenever  an  aerial  lead  cable  runs  for  any  considerable  lengthy 
say  200  feet  or  over,  the  conductors  should  be  protected  at  the  cable 
box  by  fuses  suitably  mounted.  A  strip  of  these  arresters  is  shown 
in  Fig.  161.  They  are  mounted  in  the  box  and  take  the  place  of 
the  binding-posts.  The  strip  consists  of  a  block  of  wood  a,  on  the 
top  of  which  are  securely  fastened  brass  lugs,  one  of  these  being 
shown  at  e.  These  lugs  are  bent  as  shown,  and  are  slotted  at  one 
end  and  nicked  at  the  other.  To  the  bottom .  of  the  block  are 
fastened  a  second  row  of  brass  lugs  /,  etc.,  through  the  center  of 
which  a  hole  is  drilled  and  tapped.  The  tubular  fuses  are  shown  at 
hh'  h",  etc.  They  consist  of  a  fiber  tube,  to  the  bottom  of  which  is 
fastened  a  brass  cap  with  a  projecting  screw  that  fits  into  the  hole 
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in  tlio  bottom  lug.  Tlie  top  of  the  tnbo  is  eqtiipiKHl  with  a  cap 
and  hollow  screw,  over  which  fits  a  ring-nut  c.  Tills  nut  is  slotted 
at  d  iV  so  that  it  cau  be  set  with  a  screw-driver.  Tlie  fuse,  which 
has  a  capacity  of  7  ani|K3re8,  is  soldered  to  the  bottom  cap,  passed 
up  throutrh  the  center  of  the  tube,  and  soldered  to  the  edge  of  the 
hollow  nut.  The  conductors  in  the  cable  to  Imj  protected  are 
soldered  to  the  bottom  lugs,  while  the  cross-connecting  wire  is 
soldered  to  those  at  the  top. 

Keturning  again  to  P'ig.  150,  it  will  be  seen  that  the  cable  box 
is  mounted  by  fastening  two  JKMirds,  the  ends  of  which  are  shown  at 
0  c  and  //  </',  to  the  back  of  the  box,  and  bolting  tiiese  with  cross- 
arm  bolts  to  the  pole.  The  cable-box  door  is  shown  closed,  and 
should  always  l>o  securi*d  with  a  jxadlock.  At  x  is  shown  a  jK>le 
Beat,  which  is  placed  on  the  j>ole  to  afford  a  seat  for  the  litu'inan 
while  working.  The  metluKl  of  bringing  a  lead  aerial  cable  into  the 
box  is  also  shown;  and  it  will  1x3  seen  that  the  cable  is  given  a  bend 
at  /',  called  a  drip  loop,  which  prevents  water  from  following  the 
cable  down  to  the  box.  The  underground  cable  is  brought  from  the 
nearest  manhole  to  the  bottom  of  the  pole,  through  an  iron  pi|)e  laid 
in  the  earth.  The  pij>e  is  bent  and  runs  up  the  side  of  the  pole  to 
the  height  of  15  feet.  From  this  point  to  the  cable  box,  the  cable  is 
protected  with  a  covering  of  sheet  iron. 

TEST  POINTS. 

Test  points  are  placed  here  and  there  in  a  long  line,  to  afford 
means  of  o])ening  the  line  for  the  purpose  of  testing.  Such  jx^ints 
are  necessary  on  toll  trunks  only.  In  many  cases,  toll  trunks  pass 
through  several  exchanges  before  reachincr  their  destination,  and 
under  these  conditions  test  points  are  not  usually  needed.  The 
necessary  number  of  test  points  on  a  line  has  never  been  definitely 
figured  out.  The  Long  Distance  Telephone  Comjmny  formerly 
placed  test  points  at  about  every  50  miles.  More  recently,  however 
this  distance  has  been  reduced  to  30  miles.  The  jwint  to  be 
considered  in  locating  test  points  is  the  amount  of  ground  that  the 
linemun  can  cover  in  clearing  troubles  In  flat  country  traversed  by 
gotxl  roads,  the  lineman  cjin  take  care  of  a  longer  stretch  of  line 
than  in  rough  country  where  movement  from  jioiiit  to  point  is  not 
so  easy,     lie  is  at  still  l>etter  advantage  at  points  where  the  line 
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runs  parallel  to  a  railroad  track,  for  in  this  case  he  can  make  use  of 
the  train  service  in  clearing  trouble, 

The  test  point  is  located  in  a  convenient  building,  which 
usually  becomes  the  lineman's  home.  The  method  adopted  for 
bringing  the  wires  into  this  building  is  the  same  as  that  described 
for  connecting  a  bridle  cable  to  an  open-wire  line.  The  other  end  of 
the  cable,  instead  of  going  into  the  cable  box,  is  cut  into  the  build- 
ing. In  Fig.  162  is  shown  the  standard  form  for  cutting  the  con- 
ductors of  the  bridle  cable  onto  the  open  wires.  The  line  wires 
at  this  pole  are  dead-ended  both  ways  as  shown,  transposition  insu- 
lators being  used.  The  free  end  of  the  line  wire,  after  being  passed 
through  the  Mclntire  sleeve,  is  bent  down  at  right  angles,  and  the 
conductor  of  the  bridle  cable  is  soldered  to  it.     These  conductors 


Fig.  162. 

are  brought  down  beneath  the  cross-arm,  and  are  passed  through 
wooden  cleats  to  prevent  the  insulation  from  touching  the  creo- 
soted  arms,  as  it  has  been  found  that  creosote  has  a  deteriorating 
effect  upon  the  insulating  material. 

In  Fig.  163  is  shown  the  method  of  wiring  a  test  pole.  It 
will  be  seen  that  the  wires  are  dead-ended  both  ways,  the  short  ends 
being  brought  over  the  top  of  the  insulator  and  placed  in  a  clip  a,  a 
firm  connection  being  made  by  means  of  the  thumb-screw  b.  In 
making  the  test,  the  lineman  opens  the  line  by  removing  the  clip, 
and  is  thus  enabled  to  connect  himself  with  either  end  of  the  line 
independently. 

The  method  of  wiring  up  a  test  house  is  shown  in  Fig.  164,  in 
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which  a  b,  a'  h'  represent  the  top  and  bottom  glasses  respectively  of 
two  transposition  insulutors,  the  method  of  cutting  in  the  bridle 
cable  at  the  p<jle  having  lieen  already  shown.  At  c  c'  f"  c'"  are 
shown  four  pieces  of  apparatus  called  jacks.  Kauh  one  consists  of  a 
brass  ring  e,  «',  etc,  a  German  silver  spring  1,  2,  etc.,  and  a  contact 
point  shown  by  the  arrow.  When  a  properly  shaped  plug  is  intro- 
duced into  the  ring  e,  the  plug  is  held  Hrinly,  and  its  end  makes 
contact  with  the  end  of  the 
spring  1,  pushing  it  to  one  side 
and  in  so  doing  breaking  con- 
tact with  the  contact  point 
When  the  jacks  are  without 
plugs,  the  two  conductors  from 
a  a',  Ijtnng  wired  to  the  two 
springs  I  and  2  of  the  two  jacks 
e  and   r',  form   a   connection 

through  the  arrow  points  to  the  springs  3  and  4  of  the  jacks  c"  and 
c'",  thence  passing  out  to  the  line  wires  at  the  transpf)sition  glasses  h 
and  h'.    Ky  introducing  a  plug  into  each  of  the  jacks  e  and  a',  the  line 


a 
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Fig.  164. 


is  opened  towards  the  west,  and  communication  is  established  with 
the  east.  If  on  the  other  hand  a  plug  is  introduced  into  each  of  the 
jacks  «"  and  e"',  the  line  is  opened  towards  the  east  and  communica- 
tion is  established  with  the  west. 

DISTRIBUTINQ   POINTS. 

As  the  name  indicates,  these  are  points  where  the  line  wires 
are  distributed  to  the  subscribers'  telephones.     The  simplest  method 


165 


164 


TELEPHONY 


Fig.  165. 


of  distribution  is  from  an  open-wire  line  by  means  of  twisted-pair 

wire.     This  case  is  illustrated  in  Fig.  165,  which  will  be  recognized 

as  exactly  similar  to  that  of  cutting  in 
for  a  test  station.  The  line  is  dead-ended 
in  the  usual  manner,  the  twisted-pair 
wire  being  brought  down  to  the  bottom 
of  the  arm  and  passed  through  cleats  to 
preserve  the  insulation,  and  springing 
'  I    iiiiii '      N  \i  away  from  the   cross-arm    at   the    point 

^J-Ji!L  nearest  to  the  location  of  the  subscriber's 

•'^— — ^    H  station. 

In  residential  districts  where  the 
running  of  overhead  lines  must  be  re- 
stricted as  far  as  possible,  it  is  often 
most  convenient  to  run  the  underground 
cable  into  the  rear  yard  of  some  house,  in 

which   permission  has  been  granted  to   erect  a  distributing  pole. 

The  cable  is  carried  to  the  top  of  this  pole  and  terminated  in  a  pot 

head,  the  conductors  being  fastened  to  binding  posts.     One  such  pole 

is  shown  in  Fig.  166.     The  pole 

is  of  the  box-girder  type,  made 

of  steel,  and  equipped  with  steps 

for  the  use  of  the  lineman  in 

climbing.     At  the  top  is  a  flat 

ring,  on  which  are  mounted  the 

binding-posts.  On  the  bottom  of 

this  ring  are  mounted  porcelain 

insulating   knobs,  shown    at   a 

etc.  in  the  illustration,  and    to 

which  are  securely  fastened  the 

distributing  wires.     The  pot 

head  is  covered  with  a  sheet- 
iron  hood  for  protection  against 

the  weather.      Distributing 

wires  will  be  seen    at   b.      In 

Fig.  167  is  shown  a  rather  more  ^^'ig.  16G. 

elaborate  type  of  distributing  hood.     It  consists  of  a  sheet-iron 

cylindrical  box  a  surmounted  by  a  hood  b.     This  box  contains  the 
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binding-posts  and  protecting  fuses  at  which  the  cable  is  terminated. 
The  cable  can  be  seen  fastened  against  the  pole  by  an  iron  pipe  c, 
with  the  pot  head  at  d.  The  Ihit  distributing  ring  can  be  plainly  seen, 
and  is  equipi>ed  with  small  hard-rubber-covered  rings,  one  of  which  is 
shown  at  e,  which  are  used  to  secure  the  distril)uting  wires.  The 
distributing  wires  also  can  be  plainly  seen.  Tiiey  are  No.  14  B.  &-S. 
gauge,  tinned,  covered  with  rubber  insulation  and  heavy  braitl.  The 
copper  is  hard-drawn,  and  has  a  breaking  weight  of  200  lbs. 
The  conductors  forming  a  pair  are  twisted  together,  the  length  of  the 
twist  not  exceeding  3  inches.  Tbe  hood  is  shown  mounted  on  a 
wooden  pole,  but  it  can  also  be  used  on  an  iron  pole. 

4. 


Fig.  167. 


The  New  York  Telephone  Company  has  developed  a  system  of 
distribution  called  the  "  block  "  system,  which  is  used  exclusively  in 
the  down-town  districts.     The  features  of  this  system  are  as  follows  : 

The  underground  cable  from  the  exchange  terminates  in  the 
cellar  of  one  of  the  buildings  in  a  block,  in  the  regulation  cable  box. 
Fig.  159.  In  this  box  terminate  also  one  or  two  other  cables, 
called  block  cables,  which  have  tlieir  other  terminals  in  the  cellars 
of  the  various  buildings  in  the  block.  Tiiese  cables  are  usually 
bridging  cables.  From  each  of  the  terminals  of  the  block  cables, 
run  house  cables  —  one  cable  for  each  building  —  which  have  ter- 
minals on  each  floor.     If  a  subscriber  is  to  l>e  given  service  any- 
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where  within  this  block,  all  that  is  necessary  is  to  make  the  proper 
cross-connection  between  the  underground  cable  and  the  block 
cable,  and  between  the  block-cable  terminal  and  the  house  cable. 
The  only  wire  that  need  be  run  is  that  from  the  telephone  instru- 
ment to  the  house-cable  terminal  on  the  same  floor.  The  wire  used 
for  this  purpose  is  called  house  wire.  It  is  No.  19  B.  &  S.  gauge 
tinned  wire,  soft-drawn,  and  covered  with  rubber  insulation  ^  inch 
in  thickness.  Over  the  insulation  is  woven  a  cotton  braid,  which  is 
colored  to  imitate  oak,  mahogany,  or  cherry  finish.  The  conductors 
are  twisted  together,  the  length  of  a  twist  not  exceeding  2  inches. 

LINEMEN'S  TOOLS. 

Climbers.  A  word  should  be  said  here  about  the  nature  of  the 
tools  used  by  the  lineman,  and  the  method  of  using  them.  The  first 
requisite  in  the  lineman's  kit  of  tools  is  the  climbing  irons,  or  spurs,  as 
they  are  called.  These  are  worn  to  assist  in  climbing  up  and  down 
the  pole.  They  are  made  in  two  forms  as  shown  in  Figs.  1 68  and  1 69. 
Both  types  are  made  of  wrought  iron,  with  a  steel  spur  welded  on. 

In  Fig.   168   is  shown  what  is  termed  the  "Western"  spur 

from  the  fact  that  it  is  used  more 


Fig.  168. 


& 


Fig.   109. 


in  that  part  of  the  United  States 
than  in  the  East.  It  consists  of 
a  wrought  iron  strip  a,  the  upper 
end  being  shaped  into  an  "  eye  " 
c,  while  the  other  end  is  bent  at 
right  angles  to  pass  under  the 
instep,  curving  upward  slightly  to 
give  the  foot  a  firm  hold.  At  the 
extremity  is  the  wrought  steel 
spur  h,  which  bends  downward  —  so  that  it  can  be  jabbed  into  the 
pole  by  an  inward  and  downward  motion  of  the  foot.  The  device  is 
held  in  place  by  a  strip  passing  through  its  "  eye,"  and  around  the 
upper  part  of  the  thigh  of  the  climber.  The  strip  a  is  on  the  out- 
side of  the  leg  when  in  place. 

In  the  Eastern  type  shown  in  Fig.  169  the  strip  is  equipped 
with  an  "  eye  "  at  the  upper  and  also  at  the  lower  end,  the  former 
being  shown  at  h  and  the  latter  at  c.  The  spur  d  is  welded  to  the 
lower  part  of  the  strip.     When  in  place  the  strap  a  is  on  the  inside 
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of  the  leg,  and  is  held  in  place  by  two  leather  straps,  one  passing 
through  the  eye  c  and  the  other  passing  througii  the  eye  b. 

One  of  these  types  is  about  as  good  as  the  other,  the  Western 
being  somewhat  simpler  in  construction  and  easier  of  adjustment 

In  climbing,  the  pole  is  grasped  with  the  fingers  and  lower  part 
of  the  palms  of  the  hand,  and 

the  spurs  are  jabbed  into  the       a^a'yifS 

side  of  the  pole  with  a  down- 
ward thrust  Care  should  be 
taken  not  to  "  hug "  the  pole 
but  to  hold  on  at  arm's  length. 

To  be  a  good  climber  requires  a  cool  head  and  strong  muscles,  and  it 
is  well  for  a  beginner  to  practice  at  moderate  heights  —  say  15  feet 
in  order  to  accustom  himself  to  the  work  before  he  attempts  to 
climb  higher. 

Pliers  and  Wrenches.  In  addition  to  the  ordinary  pliers 
used,  the  lineman  carries  a  wrench,  shown  in  Fig.  1 70.  It  is  made 
in  the  form  of  ordinary  9-inch  pliers,  but  is  equipped  with  two  sets 
of  circular  jaws  shown  at  a  a'  and  b  b',  the  former  being  for  No.  8 

wire  and  the  latter  for  No.  12. 
The  wrench  is  held  closed  by  a 
lock  c,  which  holds  the  two 
handles  together.  This  wrench 
is  used  to  twist  Mclntire  sleeve 
joints.  Two  such  wrenches 
are  used  together,  one  being 
clasped  over  one  end  of  the 
sleeve  and  held  rigid,  while 
the  other  is  clasped  over  the  opposite  end  of  the  sleeve  and  rotated 
until  the  requisite  number  of  twists  have  been  made. 

Come  Alongs.  This  term  is  used  to  denote  the  mechanism 
used  to  pull  up  open  wires  to  th6  proper  tension.  The  device  is  shown 
in  Fig.  171.  It  consists  of  a  set  of  jaws  a  and  b,  which  are  pivoted 
to  two  links  at «'"  and  «'  respectively.  These  links  are  strapped 
together  by  pivoted  joints  at  e  and  e",  so  that  by  pulling  on  the  "  eye" 
c  the  jaws  are  brought  together,  always  maintaining  a  parallel  posi- 
tion. The  wire  to  be  pulled  up  is  placed  between  the  two  jaws  as 
shown  at  d,  the  whole  being  drawn  up  by  a  rope  attached  to  r. 
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TELEPHONE  EXCHANGES 

The  subject  to  be  studied  now  is  the  method  employed  to  so 
terminate  telephone  lines,  that  the  proper  connection  can  be  made 
when  one  subscriber  wishes  to  converse  with  anotlier.  This  sub- 
ject naturally  divides  itself  under  two  heads  :  first,  the  terminating 
lines  as  they  enter  the  exchange  building ;  and  second,  the  arrange- 
ment of  these  terminals,  so  that  the  proper  connections  can  be 
made.  To  accomplish  the  desired  results,  two  pieces  of  apparatus 
are  necessary:  that  used  in  properly  terminating  the  lines  is  called 
Tlie  Distributing  Board.  That  used  in  properly  arranging  the  ter- 
minals so  that  connections  may  be  made,  is  called  The  Switchboard. 
Auxiliary  apparatus  is  also  needed,  but  it  should  be  remembered, 
that  the  two  principal  pieces  of  apparatus  in  a  telephone  exchange 
are  the  distributing  board,  and  the  switchboard.  In  dealing  with 
the  subject  of  telephone  exchanges,  the  terminating  of  the  lines 
will  be  considered  first,  and  later  the  distributing  board  will  be 
described  in  detail. 

The  design  and  use  of  a  distributing  board  is  based  upon  the 
following  principles.  All  wires  entering  an  exchange,  whether  of 
the  open-wire  or  cable  type,  must  be  permanently  connected  to 
fixed  terminals.  All  wires  running  between  the  distributing  board 
and  the  switchboard,  must  be  permanently  connected  at  the  for- 
mer end  to  fixed  terminals.  These  two  sets  of  terminals  must  be 
80  arranged  with  respect  to  one  another  as  to  be  really  connected 
together,  or  disconnected  according  to  the  needs  of  the  case. 

By  this  means,  the  two  systems  of  wiring  —  that  entering  the 
exchange  from  without,  and  that  between  the  switchboard  and  the 
distributing  board — are  entirely  independent  of  one  another,  and 
either  one  can  be  changed  without  necessitating  a  change  in  the 
other. 

Numbering.  All  conductors  entering  an  exchange  are  num- 
bered according  to  some  system,  and  the  numbers  ai'e  placed  op- 
posite the  terminals  on  the  distributing  board.  The  conductors 
on  an  open-wire  line,  are  numbered  to  correspond  with  the  pins  on 
which  they  are  placed.  The  pins  are  numbered  in  the  following 
manner :  standing  with  the  back  to  the  exchange,  and  facing  the 
direction  in  which  the  pole  line  runs,  the  left-hand  pin  on  the  top 
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arm  is  No.  1 ;  that  to  the  right  of  it.  No.  2;  and  so  on  till  the 
rigljt-haiid  pin  on  the  top  arm  is  reached,  which  is  No.  10.  Tiie 
left-hand  pin  on  the  se('on<l  arm  is  No.  11  ;  and  the  right-hand  pin 
on  the  same  arm.  No.  20,  and  so  on  to  the  rightrjiand  pin  on  the 
bottom  arm.  Tiiis  system  is  maintained  whether  or  not  wires  are 
attiiched  to  the  pins  in  consecutive  order.  For  example,  suppose 
that  pins  Nos.  1,  2,  3  and  4  have  wires  attached  and  that  the  rest 
of  the  pins  are  vacant  to  pin  No.  15,  the  wire  on  tliis  pin  would 
still  be  No.  15. 

All  cables  entering  an  exchange  are  numbered  consecutively. 
In  cities   having  more  than 


S^S 


one  exchange,  cables  enter- 
ing one  exchange  are  distin- 
guished from  those  entering 
another  by  a  different  hun- 
dred. For  example,  tlie 
cables  entering  the  Broad  St. 
Exchange  in  New  York  are 
numlK^red  from  1  to  99  ; 
those  entering  the  Cortlandt 
St.  Exchange  in  the  same  city 
are  numbered  from  100  to 
199.  Those  entering  the 
Jtdin  St.  Exchange  &re  uum- 
l)ered  from  200  to  299,  etc. 
The  conductoi"8  in  the  cable 
are  numl>ered  from  1  up,  each  one  taking  its  number  from  that' 
of  the  binding  post  in  the  cable  box  to  which  it  is  attached.  The 
wires  running  to  the  switchboard  are  nnnd)ered  in  an  alto- 
gether diffeient  manner,  which  will  Vte  explainjul. 

Main  Distributing  Board.  The  style  of  the  distributing 
Inmrd  varies  with  the  size  of  the  exchanure,  and  alsowitli  the  ideas 
of  the  designer.  For  small  exchanges,  in  which  100  or  2o0  lines 
terminate,  it  is  a  very  simple  affair.  In  Fig.  172  is  shown  one 
type  of  this  piece  of  apparatus  used  with  small  exchanges.  It 
consists  of  a  lK)ard  a  of  maple.  Tlie  size  of  tliLs  l)oard  de|)ends 
npon  the  nnnd)er  of  lines  to  be  handled.  For  100-line  capacity  it 
is  about  3  feet  by  2  feet,  while  for  200  lines  it  is  about  4  feet  by 
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3  feet.  Two  miiple  cleats  h  and  h'  are  fastened  to  tl»e  board,  and 
have  holes  l»rod  in  them,  shown  at  c?,  c',  c",  etc.,  and  (f,  d\  d",  etc. 
Tliese  holes  arc  for  the  accommodation  of  the  cross-connecting 
wires.  The  cleats  are  similar  to  tliose  used  in  cable  boxes  which 
have  already  been  described.  Fastened  to  the  face  of  the  board 
by  small  screws  e,  e\  e'\  etc.,  are  brass  clips,  one  of  which  is  shown 
in  detiiil  at  x.  The  hole  through  which  the  screw  passes  is  shown 
at  y.  There  is  a  nick  in  each  end  of  the  lug  for  the  wire  ;  one  of 
them  being  shown  at  z. 

■  The  lugs  in  each  group  correspond  in  number  to  the  number 
of  conductors  handled;  the  one  shown  in  Fig.  172  having  a  capac- 
ity of  50  lines. 

The  lines  coming  in  from  the  outside,  are  brought  to  the  back 
of  the  boaid  and  soldered  to  the  lugs,  being  passed  through  holes 
for  the  purpose.  The  conductors  from  the  switchboard  are  treated 
in  a  similar  manner  and  soldered  to  the  bottom  row.  The  cross- 
connecting  wire  is  run  on  the  face  of  the  board,  and  is  passed 
through  the  proper  holes  in  the  cleats,  and  soldered  to  the  oppo- 
site side  of  the  lug.  Referring  to  the  detail,  the  outside  wire 
would  be  soldered  at  z,  and  the  swichboard  wire  at  w.  For  cross- 
connecting  purposes,  the  wire  is  the  same  as  that  used  in  cable 
boxps. 

This  form  of  distributing  board  is  very  compact  and  admits 
of  the  connection  being  established  between  any  switchboard  wire 
and  any  pair  of  wires  coming  in  from  outside. 

There  are  certain  essential  features  which  this  form  of  board 
does  not  possess,  and  which  are  absolutely  necessary  in  a  distribut- 
ing board  in  an  exchange  of  any  considerable  size.  First,  this 
arrangement  of  terminals  is  not  the  most  economical  as  regards 
space.  Second,  it  does  not  make  provision  foi-  protecting  the 
switchboard  from  lightning  or  foreign  currents.  Third,  it  is  very 
difficult  to  get  at  the  inner  lugs  for  soldering  wires  or  breaking 
connections.  Fourth,  it  does  not  afford  an  easy  way  of  opening  a 
line  for  testing.  While  it  is  not  essential  to  have  the  high-poten- 
tial protecting  apparatus  mounted  on  the  distributing  board,  and 
while  many  excellent  boards  have  been  designed  without  this 
feature,  it  is  absolutely  necessary  that  a  distributing  board  for  a 
large  exchange  should  possess  the  other  features. 


It2 


TKLKPIIONY 


161 


Hibbard  Distributing  Board.  In  Pig.  173  is  sliown  a  distrib- 
uting board  designed  by  Mr.  ilibWard,  which,  although  now  out- 
of-date,  was  formerly  extensively  used.  It  consists  of  an  iron  rack 
upon  one  side  of  which  are  fsisteiied  wooden  horizontal  strips 
sliown  at  <i,  a',  etc.  On  the  opposite  side,  the  same  kind  of 
strips  are  fastened  vertically  as  shown  at  e,  «',  «",  etc.     Down  the 


Pig.  178. 


Detail. 


center  of  the  rack  run  horizontal  iroiv  rails  d^  d\  <?,"  etc.  to  which 
are  fastened  rings.  The  wooden  strips  have  holes  bored  through, 
the  center,  and  on  opposite  sides  are  mounted  brass  punchings  as 
shown  in  the  detail,  where  the  hole  is  at  r,  and  the  punchings  at 
y,  y'.     Two  of  these  punchings  are  shown  at  c  and  <?'. 

The  method  of  using  this  rack  is  as  follows:  The  cables  from 
outside  are  formed  upon  the  inside  of  the  vertical  strips,  the  con- 
ductors being  passed  through  the  holes.  Paire  are  connected  to 
the  lugs  on  the  opposite  sides  of  a  hole.  The  conductors  from 
the  switchboard  are  formed  upon  the  inner  side  of  the  horizontal 
rails,  and  connected  in  the  same  manner  as  described  for  the  cable 
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conductors.  The  cross-connecting  wires  are  brought  over  the 
edges  of  the  rail  and  soldered  to  the  outside  ends  of  the  lugs. 
The  cross-connecting  wires  are  passed  from  the  horizontal  rail 
diagonally  to  the  ring  opposite  the  proper  vertical  strip,  and 
thence  through  the  ring  to  tiie  proper  lug.  With  this  form  of 
distributing  board,  the  cable  conductois  are  soldered  to  the  lugs 
on  the  horizontal  rails,  while  the  switchboard  wires  are  soldered 
to  those  on  the  vertical  rails. 

As  has  already  been  stated,  this  form  of  distributing  board 
does  not  provide  for  the  proper  protection  of  the  wires,  so  that 
additional  facilities  for  furnishing  protection  must  be  at  hand. 

The  standard  method  of  accomplish- 
ing this  is  to  terminate  the  cable 
in  what  is  known  as  a  cable  head 
which  contains  the  desired  protecting 
apparatus.  One  form  of  cable  head 
K'  is  shown  in  Fig.  174,  where  a  repre- 
sents a  cast-iron  box,  equipped  at  the 
back  with  lugs  5,  h\  b",  b'",  for  fasten- 
ing it  securely  to  some  suitable  sup- 
port. Over  the  front  of  the  box  fits 
a  lid  c,  which,  by  means  of  a  rubber 
gasket  X,  forms  an  air-tight  cover. 
It  is  held  in  place  by  means  of  screws, 
d,  d\  d'\  etc.  which  fit  into  holes 
drilled  and  tapped  into  the  edge  of 
the  box.  Projecting  from  the  bottom 
of  the  box,  and  secured  to  it  by  means  of  a  lock-nut,  is  a  brass  sleeve 
e,  to  which,  by  means  of  a  wiped  joint,  the  sleeve  of  the  'sheath 
is  attached.  Projecting  through  the  sides  of  the  box,  as  shown  at 
/»/»/"»  etc.  are  the  connectors.  They  consist  of  hollow  tubes  of 
fiber  held  in  place  by  lock-nuts.  At  the  inner  end  of  each  is  a 
bindmg  post  for  attaching  the  cable  conductors,  while  at  the  outer 
end  is  a  larger  one  for  attaching  the  cross-connecting  wire.  Run- 
ning through  the  fiber  tube  and  attached  to  both  binding  posts  is 
a  fuse,  for  protection  against  an  abnormally  large  current. 

When  a  cable  terminates  in  a  cable  head,  it  is  not  necessary 
to  make  use  of  a  pot  head  ;  it  is  sufficient  to  wipe  the  sheath  to 
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the  bmss  sleeve  as  already  explaineu.  The  cross-connecting  wire 
running  from  these  terminals  is  soKlere;!  to  the  lugs  on  the  hori- 
zontal rails  of  the  distributing  Ixiard.  After  the  cahle  eondtielors 
liiive  been  properly  fiisiened  to  the  binding  posts,  hot  panilhn*?  is 
poured  into  the  cable  head  several  times,  and  while  the  inside  is 
still  hot,  the  lid  is  securely  fastened. 

The  rtumliering  of  the  binding  posts  l>egins  on  the  left-hand 
side  of  the  box  at  the  top.  The 
top  front  binding  post  is  No.  1 ; 
that  slightly  lower  and  to  the 
rear  of  the  1h)x  is  No.  2  ;  that 
directly  under  No.  1  is  No.  3, 
etc.  This  system  is  continued 
on  the  opposite  side  of  the  bf>x 
iN^ginning  at  the  top  and  ending 
at  the  bottom. 

The  disadvantages  of  this 
method  of  terminating  a  cable 
ai-e  the  extra  cost  of  the  l)OX, 
and  the  extra  run  of  cross- 
eonnecting  wire  from  the  cable 
terminal  to  the  distributing 
board.  While  the  fuse  is  a  suit- 
able protection  against  abnormal 
eurrents,  it  is  not  sulficient  pro- 
tection against  the  damage  due 
to  a  sudden  charging  of  the  line 
with  a  high  potential  as  in  the 
case    of    tlnmder  storms. 

Ford-Lenfest  Distributing^  Board.  To  do  away  with  the 
cable  terminal,  and  to  place  the  necessary  protecting  apparatus  in 
the  n>«>it  convenient  place  the  form  of  distributing  Ixianl  shown  in 
Fig.  175  wjis  devised.  It  consists  of  a  series  of  vertical  iron 
beams  of  which  two  are  shown  at  a  and  a'.  They  are  held 
securely  together  by  flat  iron  hirs  d^  d\  rf",  etc.  These  horizontal 
Uira  are  fastened  to  the  angles  by  hilts.  Running  at  right  angles 
to  </,  d\  (/",  etc.  is  a  second  set  of  flat  iron  Imrs  i\  c\  and  c",  etc., 
which  ai-w  Ixdted  to  the  verticals,  and  which  carry  at  one  end  a 
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heavy,  vertical  iron  strip  g,  g\  and  at  the  other  end,  woodju  chan- 
nel pieces/,/',/",  etc.  These  channel  pieces,  which  are  of  maple, 
carry  a  series  of  brass  lugs  arranged  in  groups,  each  group  taking 
up  the  space  between  two  consecutive  liorizontal  supports.  Each 
group  consists  of  20  paiis  of  lugs. 

The  end  view  of  one  of  these  channel  pieces  is  shown  at  a  in 
Fig.  176.  Mounted  in  the  channel  is  a  hard-rubber  strip  c,  into 
wliicii  slots  are  cut  for  the  accommodation  of  the 
lugs.  These  slots  are  of  sufficient  depth  to  allow 
the  top  of  the  lug  to  project  about  -gJ^  of  ^n  inch. 
On  top  of  this  is  placed  a  second  hard-rubber 
strip  c'  which  is  securely  bolted  to  the  fii-st  one 
and  to  the  maple  strip  by  brass  bolts,  one  of  which 
is  shown  at  d.  Tlie  lugs  are  made  with  two  eai-s, 
e  and  e'.  Two*  holes  h  and  h'  are  bored  throusrh 
the  channel  piece  opposite  each  pair  of  lugs  for 
the  accommodation  of  the  wires.  To  tlie  vertical 
iron  strips  g  and,^',  Fig.  175,  are  attached  the  protecting  device 
to  be  described  directly.  Rings  e,  e\  etc..  Fig.  175,  are  fastened  to 
the  horizontal  braces  at  each  section  for  the  accommodation 
of  the  cross-connecting  wires. 

This  form  of  main  distributing  frame  is  used  exclusively  by 
the  Bell  Companies,  and  is  made  in  two  forms,  known  as  the  4a 
and  4b  frame.  In  the  4a  frame,  the  cable  conductois  are  attached 
to  the  lugs  on  the  horizontal  channel  pieces;  while  in  the  4b  frame, 
the  cable  conductoi's  are  connected  to  the  protecting  apparatus  .on 
the  vertical  side.  In  the  4a  frame,  the  switchboard  wires  are  at- 
tached to  the  protecting  apparatus,  while  in  the  4b  frame,  they  are 
attached  to  the  lugs  on  the  horizontal  side.  In  Fig.  175,  a  cable 
is  shown  at  o,  coming  up  through  a  hole  in  the  floor.  It  is  fanned 
out  at  the  rear  of  the  strip,  and  its  conductora  are  brought  through 
the  lx)ttom  row  of  holes  and  soldered  to  the  lugs.  A  cross-con- 
necting wire  is  shown  at  m  ;  it  is  soldered  to  the  upper  ears  of  the 
lugs,  and  brought  through  the  ring  e"  to  the  vertical  side. 

The  only  difference  in  the  make-up  of  the  4a  and  4b  frames 
lies  in  the  style  of  protecting  device.  The  4a  protection  is  shown  in 
Fig.  177.  At  a  is  shown  in  cross-section  the  iron  stripy'  in  Fig. 
175.     Mounted  on  this  strip  is  tlie  protection  which  consists  for 
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each  line  of  the  following  apparatus  :  On  two  hard-rubber  blocks 
c  c'  are  placed  two  (ierman-silver  springs  d  d\  witli  the  ends  bent 
up  into  lugs  as  shown.  The  opposite  ends  are  slightly  bent,  one 
rests  on  the  carlx)n  block  g^  and  the  other  on  the  carbon  block  gf. 
Firmly  attaciied  to  each  spring  by  rivets  is  a  flexible  strip  of 
German  silver,  one  of  which  is  shown  at  «,  and  tiie  other  at  e'. 
Resting  ou  the  two  hard-rubber  blocks  r  and  r'  are  the  two  springs 
/  and  i'  >\\k\\vA  as  shown.  Fittin«^  into  a  hole  drilled  through  r,  ^, 
<i,  <f  and  r',  are  two  hard-rubber  sleeves  n  and  ///,  the  latter  being' 
providtKl  with  a  shoulder  wliich  rests  against  the  spring  i. 
Through  the  center  of  these  tubes 
|>as6es  a  brass  bolt  /.  It  is  held 
in  place  by  a  nut  ^>  resting  on  the 
lug  o  and  one  at  the  opposite  end* 
resting  against  the  end  of  the 
short,  hard-rubber  sleeve  </.  In 
this  wav  the  lug  o  is  in  electrical 
contact  through  the  bolt  I  and  the 
nut  y),  with  the  spring  <!'  while 
the  three  remaining  springs  are 
insulated  from  one  another. 
Fastened  to  the  end  of  a  is  a  Ger- 
man-silver strip  /',  against  which 
rest  the  two  carbon  blocks  h  and 
/*',  which  in  turn  rest  against  g 
and  g'  respectively.  Tlie  spaces 
between  g  and  //,  and  g'  and  h' 
are   tilled    with   a    thin    sheet   of 
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Fig.  177. 


At  »  and  «'  are  shown  two  pieces  of  apparatus  called  heat 
coils,  shown  in  detail  in  Fig.  178.  A  heat  coil  consists  of  a  fiber 
shell  a,  with  a  brass  pin  c  passing  through  its  center;  soldered  to 
this  pin  is  a  brass  sleeve  d  so  placed  that  there  is  an  interval  of 
alx)ut  ^^  inch  between  its  upper  end  and  the  top  of  the  fiber  shell. 
A  coil  of  very  fine  wire,  insulated  with  silk  and  cotton  covering, 
is  wound  around  this  sleeve,  one  end  being  soldered  to  the  sleeve, 
and  the  other  to  a  br.iss  plate  placed  on  top  of  the  shell.  At  o  is 
shown  ;i  sill  ill  filK'r  pntjection,     Returning  to  Fig.  177  ;  the  heat 
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coil  is  80  placed  that  the  fiber  projection  o  fits  into  a  slot  in  the 
spring  i  or  i'  and  the  pin  c  passing  tlirough  a  hole  in  d  or  d'  rests 
on  the  (Jennan-silver  strip  e  or  e'  as  the  case  may  be.  The  sleeve 
(f,  Fig.  178,  rests  on  the  edges  of  the  hole  and  with  the  tension  of 
the  outer  springs  holds  the  heat  coil  in  place.  Starting  from  the 
liig  0,  Fig.  177,  a  ciicuit  is  formed  through  the  brass  bolt  I  to  the 
spring  d\  and  thence  to  the  sleeve  of  the  heat  coil  «'.  Through 
the  winding  of  this  coil  it  passes  to  the  brass  cap  which  rests 
against  tlie  spring  i',  and  thence  to  the  lug  at  its  end.  Starting 
froia  the  spring  d,  a  circuit  is  made  through  the  heat  coil  to  the 
spring  t,  and  thence  to  the  lug  i'.  Tlie  cross-connecting  wire, 
con:ing  from  the  lugs  at  the  horizontal  side  of  the  frame  to  wliich 
the  \ind  Mground  conductors  are  also  attached,  is  connected  to  tlie 
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Fig.  179. 


lugs  0  and  c?,  while  the  switchboard  wire  is  connected  to  the  lugs 
i  and  i'. 

The  carbon  plates  are  shown  in  detail  in  Fig.  179.  It  will 
be  seen  from  the  end  view  that  the  upper  plate  g  is  slotted  at  5,  so 
that  the  springs  d  or  d'  will  hold  it  securely  and  not  allow  it  tc 
fall  out  of  place.  The  lower  carbon  has  a  depression  a  in  its  up- 
per surface  which  is  filled  with  solder,  care  being  talien  to  have 
tlie  surface  of  the  solder  flush  with  that  of  the  carbon.  The  mica 
separating  the  carbons  is  shown  at  c.  It  is  about  Jj  inch  in  thick- 
ness. 

The  action  of  the  arrester  is  as  follows  :  A  high  potential 
coming  in  on  the  line,  as  for  example  a  charge  of  lightning,  would 
pass  over  the  springs  d  and  d\  called  the  ground  springs,  and 
reaching  the  carbons  g  and  g'  would  arc  across  the  spaces  between 
them  and  the  other  carbons  h  and  A',  through  the  gap  in  the  micas. 
This  arc  would  melt  the  fuse  a,  Fig.  179,  forming  a  permanent  con- 
nection between  the  two  carbons.    The  iron  strip  a.  Fig.  177,  being 
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permanently  grounde<l,  a  path  is  afforded  directly  to  earth,  thus 
saving  the  exchange  wiring  and  apparatus  from  destruction.  When 
the  discharge  luis  Uiken  place  all  that  i-*  necessary  is  to  replace  the 
carl>(>n  plates  by  new  ones,  and  blow  away  whatever  carbon  dust 
may  have  accumulated. 

Should  an  abnormal  current  come  in  on  the  line  of  a  poten- 
tial not  sufficient  to  arc  l)etween  the  carbons,  it  will  pass  through 
the  heat  coils,  and  fuse  the  wire,  opening  the  circuit  toward  the 
excliange.  The  heat  produced  would,  in  addition  to  fusing  the 
wire,  melt  the  solder  which  holds  the  sleeve  d.  Fig.  178,  in  place ; 
and  as  a  result,  the  pressure  of  the  outer  spring  would  push  the 
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Fig.  181. 


heat  coil  down  till  the  pin,  driving  before  it  the  strip  <•,  Fig.  177, 
would  press  it  against  the  strip/,  thereby  grounding  the  line,  and 
affording  a  safe  path  for  the  current. 

In  Fig.  180  is  shown  the  4b  arrester,  and  it  differa  from  the 
4a  only  in  the  method  of  mounting  the  springs.  It  will  be  seen 
that  the  lug  o  is  electrically  connected  through  the  bolt  I  to  the 
spring  t',  while  the  remaining  springs  are  insulated  from  one  an- 
other. The  wires  of  the  outside  cable  are  soldered  to  the  lugs  d 
and  d\  while  the  cro.ss-coiniecting  wire  is  fastened  to  the  lugs  o 
and  «.     In  every  other  respect,  and  in  the  action,  this  style  of 
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arrester  is  identical  with  that  already  described.  In  Fig.  181  is 
shown  part  of  a  vertical  fanning  strip,  not  shown  in  Fig.  175,  but 
wliich  is  mounted  on  the  horizontal  flat  irons  c,  <?',  etc.  This  con- 
sists of  two  parts,  one  shown  at  a,  being  comparatively  wide,  and 
having  recesses  cut  in  it  for  the  iron  braces  lo  pass  through.  A 
second  narrow  strip  6,  is  screwed  on  to  the  side  of  a,  and  serves  to 
hold  the  latter  rigidly.  In  a  are  drilled  two  rows  of  holes,  e,  /,  ^, 
A,  etc.,  and  e\f,  g\  h\  etc.  They  are  about  ^  inch  in  diameter.  In 
h  is  drilled  a  row  of  holes  i,  i\  i",  i"',  etc.,  of  a  diameter  of  ^  inch. 
In  a  4a  frame,  the  wires  from  the  switchboard  are  passed  through 
the  smaller  holes,  while  the  cross-connecting  wire  is  passed  through 
the  larger.  The  vertical  spacing  between  the  holes  is  ^  inch,  the 
same  as  that  between  the  arrester  springs.  In  the  4b  frame,  the 
conductors  of  the  cable  pass  through  the  small  holes,  but  the  cross- 
connecting  wire  passes  through  the  large  ones.  In  Fig.  177,  the 
plan  of  the  fanning  strip  is  shown  at  x,  the  hole  for, the  cioss-con- 
necting  wire  at  y,  and  that  for  the  switchboard  wires  at  z  and  z'. 
In  Fig.  180,  the  cable  conductors  pass  through  the  holes  z  and  z\ 
while  the  cross-connecting  wire  passes  through  the  hole  t/. 

SWITCHBOARD. 

The  switchboard  is  that  piece  of  the  apparatus  in  which  the 
lines  are  so  arranged  tliat  the  proper  connections  can  be  made.    " 

In  tlie  most  simple  form  of  switchboard,  all  the  lines  termi- 
nate within  reach  of  one  operator  who  is  thus  enabled  to  handle 
all  the  business.  The  essential  parts  of  such  a  switchboard  maybe 
defined  as  follows  :  First  —  tlie  line  terminals,  designed  and 
placed  to  enable  the  operator  to  connect  herself  with  each  and  all 
of  the  circuits.  Second  —  the  line  signals,  constructed  and  placed 
to  give  notice  to  the  operator  when  the  subscriber  wants  attention. 
Third  —  the  necessary  connecting  circuits,  for  establishing  the 
proper  connections  between  the  line  terminals,  and  also  to  enable 
the  operator  to  connect  herself  with  any  line  terminal  to  learn  the 
wish  of  the  subscriber.  Fourth  —  a  key  wired  to  each  connecting 
cord  circuit,  to  enable  the  operator  to  cut  in  her  telephone  circuit 
on  the  connecting  circuit  for  the  necessary  convei-sation  with  the 
subscriber.  Fifth — a  signal  placed  on  each  connecting-cord 
circuit    to  enable    the   subscriber   to    signal   the  operator   upon 
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the  completion  of  a  con  vendition,  in  order  that  the  connection  may 
be  tiiken  down.  Sixth  — an  adilitional  key  placed  on  each  con- 
necting-cord circuit  to  enable  the  operator  to  cut  in  on  it  and  an 
alternating  currtnt  of  suiUible  potential  to  enable  the  operator  to 
call  the  sulMcribers. 

The  line  terminals  are  caUadJiicks.  i'hey  are  made  of  hrixas 
of  various  designs,  and  so  constructed  jus  to  be  placed  in  ro^vs. 
The  line  signals  take  the  form  of  magnetic  drops,  and  are  called 
line  drops.  The  connecting-cord  circuit  is  wired  permanently  to 
the  switchl)oard,  and  Derminates  at  both  ends  in  a  flexible  cord  and 
plug  for  inserting  into  the  jack.  The  circuit  of  a  switchboanl  is 
shown  in  Fig.  183.  Two  subscriber  lines  are  shown,  and  for  con- 
venience, one  is  shown  terminated  on  a  4a  distributing  board, 
while  the  other  is  shown  terminated  on  a  4b  board.  Referring  to 
the  upper  one ;  the  cable  conductors  terminate  on  the  horizontal 
side,  the  wavy  lines  denoting  the  cross-connecting  wires.  At  b  and 
li'  are  shown  the  carbon-block  lightning  arresters,  and  at  c  and  c' 
the  heat  coils.  Keferring  to  the  lower  line,  the  cable  conductors 
are  terminated  on  the  vertical  side  of  the  distributing  board,  the 
lightning  arresters  being  shown  at  b,  b\  and  the  heat  coils  at  e,  and 
c'.  As  before,  the  wavy  lines  denote  the  cross-connecting  wires. 
The  two  line  jacks  are  shown  at  d  and  d\  and  are  constructed  as 
follows :  Referi'ing  to  the  upper  one  «  is  a  brass  ring  shown  in 
section  1,  a  German-silver  spring,  which  normally  makes  contact 
with  the  point  indicated  by  the  arrow.  To  this  contict  is  wired 
one  side  of  the  drop,  the  other  side  being  t)ermanently  connected 
to  the  ring.  The  drop  is  shown  at  x  and  consists  of  the  ordinary 
form  of  electro-magnet,  with  a  pivoted  armature  and  a  brass  shut- 
ter, which  is  allowed  to  fall  when  the  former  is  attracted  to  the 
pole  pieces.  The  two  plugs  of  the  operator's  cord  circuit  are 
shown  at  p  and  />'.  Each  one  consists  of  two  metiiUic  parts  insu- 
lated from  one  another  (called  the  tip)  shown  at  o  and  o.  The 
shank  or  sleeve  is  shown  at -^  an«l  0.  The  two  flexible  cords  ex- 
tend from  the  two  plugs  to  the  connectors  ip  and  w'j  and  w^,  and 
tt/j,  respectively. 

At  R  and  R"  are  shown  the  two  ringing  keys,  used  for  throwing 
the  alternating  current  onto  tiie  line  to  call  the  sul)scril)er.  E:ich 
one  of  these  keys  consi.«tts  of  two  normal  German-silver  springs  9 
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and  10,  whicli  witli  the  key  in  the  position  shown,  make  contact 
with  the  points  11  and  12  respectively.  This  circuit  is  connected 
to  the  outer  spring  7  and  8.  At  m  is  shown  the  clearing-out  drop, 
or  drop  connected  to  the  connecting-cord  circuit  to  give  the  signal 
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Fig.  183. 


to  the  operator  upon  the  completion  of  the  conversation.  The 
drop  is  permanently  bridged  across  the  circuit,  and  must  be  of 
high  impedance.     It  is  wound  to  a  resistance  of  500  ohms. 

At  I  is  shown  the  listening  key.  This  differs  from  the  ring- 
ing key  in  that  there  are  no  inner  contacts.  The  normal  springs 
are  bridged  across  the  line,  and  the  outer  ones  are  connected  to 
the  operator's  telephone  circuit.  The  ringing  current  generator  is 
shown  at  «.  The  method  of  operating  is  as  follows:  One  of  the 
subscribers,  for  example  the  one  whose  line  is  connected  to  the 
jack  c?,  desiring  to  converse  with  another  one,  rings  with  the  gen- 
erator at  his  telephone  and  throws  the  shutter  of  the  drop  x.  The 
operator  upon  seeing  the  drop  fall,  introduces  the  plug  p'  into  the 
jack,  the  tip  5  touching  the  spring  1,  while  the  shank  6  makes 
contact  with  the  ring  2.  The  spring  1  is  raised,  breaking  con- 
tact with  the  drop  at  the  arrow  point.  The  drop  is  thus  cut  off. 
This  is  necessary,  otherwise   the  presence  of   the  drop  bridged 
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across  tlie  line  would  seriously  reduce  transmission  as  has  already 
been  explained  in  connection  with  the  series  bell.  A  circuit  is 
now  formed  from  the  j<ijk  tiiroiigh  the  tip  a  nl  sleeve  of  the  plug 
and  the  cord,  to  the  normal  conticts  of  the  linging  key  R\  thence 
through  the  inner  contacts  11  and  12  to  the  cord  circuit  wiring. 
The  opeiiitor,  by  adjusting  her  listening  key  /,  cuts  her  telephone 
in  on  this  circiut  and  communicates  with  the  subscriber.  \]\^on 
learning  that  the  calling  subscriber  wishes  to  communicate  with 
the  sulxjcriber  whose  line  is  connected  to  j:ick  d\  she  introduces 
the  plug  p  into  the  jack,  thereby  cutting  off  the  drop  xf  as  already 
described.  The  ringing  key  R  is  tlien  depressed  with  the  result 
that  the  ringing  current  is  thrown  on  tlie  line,  thus  ringing  the  Ijell 
at  the  called  suljscriber's  telephone.  It  should  be  oljsei-ved  that 
when  the  bell  at  a  subscriber's  stiition  is  rung,  the  cord  circuit  is 
oiKJU  towards  the  other  one.  The  re:uson  of  this  is  that  the  call- 
ing subscriber  who  is  waiting  with  the  receiver  at  his  ear  would 
otherwise  receive  the  very  unpleasiuit  sensation  of  having  the  ring- 
ing current  pass  through  its  coils  when  held  in  that  position. 
Again  the  presence  of  the  calling  subscriber's  receiver  bridged 
across  the  line  would  sliunt  so  mucli  current  that  the  called  sub- 
scriber's bell  would  ring  very  faintly  if  at  all. 

During  the  conversation  the  two-line  drops  x  and  :^  are  cut  off 
from  their  respective  lines,  and  the  only  signal  within  reach  of 
either  subscriber  is  the  clearing-out  drop»n.  Upon  the  completion 
of  the  conversiition  the  act  of  one  or  more  of  the  subscribers  ring- 
ing, throws  the  clearing-out  drop,  thus  giving  the  signal  to  the 
operator  that  the  connection  must  be  taken  down.  The  operator 
can,  by  means  of  her  listening  key  ?,  listen  in  on  the  circuit.  The 
operator  can  establish  <is  many  simultaneous  connections  as  she 
has  cord  circuits.  The  number  varies  from  5  to  12  acconling  to 
the  magnitude  of  the  business  to  be  handled. 

With  the  exception  of  the  ringing-current  generator,  and  the 
operator's  telephone  circuit,  each  cord  circuit  is  made  up  of  the 
apparatus  shown  in  Fig.  183.  The  ringing  generator  and  the 
operator's  telephone  circuit   are  common  to   all  the  cord  circuits. 

When  the  telophone  business  started,  there  were  many  differ- 
ent systems  of  o|>erating,  each  requiring  its  peculiar  form  of  ajv- 
paratus.     None  of  tiiese  systems  are  now  in  use.     Only  two  of 
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them  will  be  raentioned  here.  They  are  the  Chinnock  System^  and 
the  Law  System.  In  the  former,  the  line  signals  were  placed 
together  in  an  annunciator  box,  and  one  of  the  operators  was  de- 
tiiiled  to  watch  them.  Sitting  at  a  table  were  a  number  of  oper- 
ators, who  switched  in  on  the  subscriber  line  whose  number  was 
called  out  by  the  annunciator  operator,  and  ascertained  the  num- 
ber required.  The  operator  then  gave  the  calling  and  the  called 
numbers  to  an  operator  placed  at  the  switchboard,  termed  the 
switching  operator,  who  established  the  connection.  This  system 
more  than  any  other  prepared  the  way  for  those  now  in  use. 

The  Law  system,  although  now  obsolete,  proved  very  success- 
ful for  the  uses  to  which  it  was  adapted.  In  outline  the  system 
was  as  follows :  All  the  subscribers'  telephones  were  placed  on 
one  wire,  known  as  the  calling  Avire.  When  the  subscriber 
wished  to  call  the  operator,  he  went  in  on  the  calling  wire. 
Since  all  subscribers  were  on  the  same  calling-wire,  the  party 
calling  had  to  give  his  number  and  that  of  the  party  required. 
Upon  so  doing  the  party  would  establish  the  connection.  The 
principal  feature  of  this  system  was  the  fact  that  a  very  small 
switchboard  was  needed.  When,  however,  the  volume  of  business 
became  heavy,  it  was  found  to  be  inadequate  and  went  out  of  use. 

Switchboards  in  use  to-day,  may  be  divided  into  two  classes: 
Standard  and  Multiple.  The  former  board  is  so  made  up  that 
each  line  entering  the  exchange  has  one  terminal,  or  jackj  and  only 
one.  The  multiple  system  is  based  on  the  fact  that  every  line  en- 
tering the  exchange  has  a  jack  within  reach  of  every  opea-ator. 

Before  taking  up  in  detail  the  method  of  construction  of  the 
standard  switchboard  it  will  be  necessary  to  say  something  about 
the  nature  of  the  construction  of  the  essential  pieces  of  apparatus 
of  a  switchboard.  Let  us  take  them  in  the  order  named :  The 
type  of  jack  used  in  the  standard  switchboard  is  constructed  as 
shown  in  Fig.  183a.  It  consists  of  a  brass  casting  shaped  cylindri- 
cally  at  a,  and  cut  out  in  the  middle 
with  a  rectangular  enlargement  h  at  the 
opposite  end.  The  cylindrical  end  is 
slightly  hollowed  out  in  the  center,  and 
the  extremities  are  neatly  turned  as 
shown  at  x  and  od ;  by  means  of  the 
hole  through  the  lug  i  the  jack  is  screwed  to  the  switchboard. 
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FaDteneil  to  h,  but  insulated  thorefroni  liy  the  lianl-rublMM-  strip 
e,  is  the  GerniiiM-silvcr  spriiij^  «'  the  eml  of  which  is  bent  as  sliowii 
to  make  contact  with  the  tip  of  the  plnpj.  A  second  spring'  //, 
fastened  to  b  hut  hxsuhited  thciefroni  l)y  the  liard-ruhber  strip  J, 
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is  providfcl  with  a  j)i>int  //,  whicli  passes  through  a  hole  in  the 
c;isting  and  makes  contact  with  e. 

The  two  conductore  of  the  subscriber's  circuit  are  soldered 
to  the  punchings  e'  and  /.  One  side  of  the  drop  circuit  is 
soldered  to  /  and  the  other  to  cf.  These  jacks  are  usually 
mounted  in  a  hard-rubber  panel  called  the  jack  panel,  which 
forms  part  of  the  face  of  the  switchboard.  Next  the  line  signal 
or  drop  is  shown  in  Fig.  184,  where  the  two  magnet  coils  are 
shown  at  a  and  A,  and  the  plate  upon  which  they  are  mounted,  at 
c.     This  plate  is  equipped  with  two  projections  e'  e'  from  which 
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Fig.  185. 


is  pivoted  the  armature  d.  This  armature  has  attached  to  it  a 
stiff  steel  wire  /,  the  other  end  of  which  is  shaped  to  hold  the 
drop  ff  in  place.     When   the   magnet  coils   are  energized,  the 
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armature  is  attracterl  to  the  poles,  lifting  the  steel  rod  /  and 
allowing  the  shutter  to  fall.  Tiie  face  of  the  drop  is  showM  at  x 
and  the  shutter  iu  the  fallen  position,  at  //.  The  ringing  and 
listening  keys  are  shown  in  Figs,  185  and  186  respectively.  The 
ringing  key  consists  of  a  brass  frame  a  at  the  bottom  of  which  is 
mounted  a  hard-rubber  strip  h.  Upon  this  strip  are  mounted  the 
contact  points  i  i  with  their  respective  lugs  i'  and  i\  to  which  the 
wires  are  soldered.  Mounted  on  4  hard-rubber  blocks  7i,  A',  h , 
and  h|,  are  4  springs  K,j,  K'  and/,  with  their  respective  lugs  K, 
f,  K\,  and  j\  Each  one  of  these  springs  is  insulated  from  its 
fellows.  A  brass  plunger  c  passes  through  holes  in  a  and  5,  and 
screws  into  a  hard-rubber  wedge  d.  A  hard-rubber  button  e  is 
screwed  to  the  top  of  this  plunger ;  a  spiral  spring  /  which  is 
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Fig.  187. 


wound  around  c  has  one  end  butting  against  e,  and  the  other 
against  a.  The  brass  sleeve  ff  prevents  t!ie  button  e  from  being 
depressed  too  far.  The  action  of  the  key  has  already  been 
explained. 

Ringing  keys  are  usually  mounted  in  a  row,  the  two  on  each 
cord  circuit  being  placed  as  shown  in  the  right-hand  figure.  The 
listening  key  is  shown  in  Fig.  186  and  its  construction  will 
readily  be  understood  from  what  has  been  said  about  the  linging 
key. 

There  remains  to  be  described,  the  signals  on  the  operator's 
cord  circuits  called  the  "clearing-out  drops."  One  of  these  is 
shown  in  Fig.  187.  It  differs  in  construction  from  the  line  drop, 
in  that  it  has  only  one  core,  which  is  considerably  longer  than 
those  of  the  line  drop.     By  actual  measurement,  the  cores  of  the 
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line  drop  are  an  inch  and  a  half  long  wliile  that  of  the  clearing- 
out  dr(»p  is  2.}  inches  long.  The  magnetic  coil  is  encased  in  an 
iron  shell  <?,  terminating  at  one  end  in  a  shoulder  with  lugs  shown 
at  m  and  m'.  From  these  lugs  is  pivoted  the  ar- 
mature d.  Two  circular  holes  are  cut  into  the  \ 
armature,  through  which  are  brought  the  terminals 
of  the  coil,  shown  at  o  and  o'.  To  prevent  the  y 
coil  terminals  making  contact  with  the  armature,  ^ 
these  two  holes  are  bushed  with  hard-rubber  rings 
e  and  e'.  The  face  of  the  drop  is  shown  at  6, 
while  the  shutter  is  seen  at  c.  The  steel  wire 
holding  the  shutter  in  position  is  shown  at  n. 
The  catch  at  the  end  of  this  rod,  called  the  arr<nt\ 
is  shown  more  clearly  at  r,  the  face  of  the  drop 
being  shown  at  z  and  the  shutter  at  y.  Since 
these  drops  are  always  in  the  circuit,  and  since 
several  of  theni  are  placed  side  by  side,  it  is  neces- 
sary to  equip  each  one  with  an  iron  shell  a  to  pre- 
vent cross  talk  by  their  mutual  electro-magnetic 
induction.  'J'he  action  of  the  shell  is  to  ^hort  circuit  the  lines  of 
force,  emanating  froui  the  coil  so  that  no  field  will  be  present  in 
the  surrounding  s{)ace  to  atl'ect  the  coils  of  the  adjacent  drops. 

The  plugs  which  form  the  terminals  of  the  cord  circuits, 
deserve  notice.  One  of  them  is  shown  in  Fig.  188.  It  consists 
of  a  hollow  bnuss  cylinder  a  turned  down  at  one  end  into  a  shank. 
Placed  inside  of  this  is  a  hard-rubber  sleeve  e.  'i'hrough  the 
center  of  the  sleeve  is  a  steel  l)olt  b  enlarged  at  one  end  as  shown 


Fig.  188. 
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at  d.  Onto  the  op|)osite  end  is  screwed  a  brass  biili,  called  the 
tip  and  sh«)wn  at/.  Fitting  over  the  brass  cylinder  is  a  fiber 
sleeve  g.     One  conductor  of  the  cord  circuit  is  connected  to  tlie 
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tip  of  tlie  ]»lug  l)y  a  screw  fitting  into  the  hole  t;  wliilc  the 
other  conductor  is  connected  to  tlie  shank  by  a  screw  fitting  into» 
the  hole  s.  It  will  be  seen  that  the  tip  is  completely  insulated 
from  the  shank  by  means  of  the  hard-rubber  sleeve  e.  The  fiber 
sleeve  a  is  provided  to  afford  an  insulated  handle  for  the  operator 
to  take  hold  of.  At  a:  and  y  are  shown  the  spring  contact  and 
the  ring  of  the  jack  respectively,  thus  illustrating  the  condition 
when  the  plug  is  introduced  into  the  jack. 

In  Fig.  189  is  shown  a  flexible  cord,  which,  as  has  been 
stated,  forms  part  of  the  connecting  circuit.  It  consists  of  two 
strands  a  and  6,  each  made  up  of  many  fine  copper  threads  so  as 


Fig.  191. 
to  be  very  flexible. 


Fig.  192. 
The  straining  cord  is  shown  at  g.     They  are 


covered  with  two  windings  of  cotton  braid  shown  at  e  and  d. 
Over  the  two  is  wound  a  brass  spiral  e,  which  protects  the  strands 
from  mechanical  injury,  and  yet  retains  the  flexibility.  Over 
this  spiral  are  wound  three  layera  of  heavy  cotton  braid  shown  at 
f.  One  end  of  the  cord  is  shown  entered  into  the  plug,  which, 
while  it  is  of  a  somewhat  different  design  from  that  shown  in  Fig. 
188,  yet  retains  the  same  essential  features.  The  opposite  end  of 
the  cord  is  shown  frayed  out.  In  actual  fact,  each  strand  termi- 
nates in  some  form  of  terminal  to  enable  it  to  be  readily  connected 
to  and  disconnected  from  the  ends  of  the  cord  circuit  wiring. 

One  method  of  terminating  the  strands  is  shown  in  Fig.  190. 
It  consists  of  soldering  the  ends  of  the  two  strands  to  two  spirals 
made  of  brass  wire  and  shown  at  a  and  h  ;  the  soldering  portions 
being  shown  at  m  and  o.  These  spiral  springs  are  quite  flexible, 
and  in  addition  form  good  electrical  contact.     The  method  of 
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using  them  is  shown  in  Fig.  191,  where  a  peculiarly  shaped  bnuui 
punching  shown  at  6  is  screwed  to  the  upper  surface  of  the  board 
c,  called  the  cord  shelf.  To  the  short  lug  of  this  punching  is 
soldered  the  wire  of  the  connecting  circuit.  Tiie  long  lug  is  per- 
forated by  two  holes  through  which  is  threaded  the  spiral,  in  the 
manner  shown  at  a.  The  two  punchings  forming  the  terminals  of 
the  two  sides  of  cord-circuit  wiring  are  placed  side  by  side  on  the 
cord  shelf  as  shown  in  Fig.  192,  the  long  lugs  l)eing  shown  at  a 
and  h,  and  the  portions  of  the  spirals  threaded  through  the  holes 
aX  cc  and  dd. 


TELEPHONY, 

PART  IV. 


TELEPHONE  EXCHANGES.-(Contfnued.) 

Switchboard  Cable  and  Switchboard  Wire.  It  lias  already 
l)efi)  tiiiown  that  tim  Uuva  are  Inoiii^lit  from  without  to  the  main 
distrilmtiiitr  lM)arii  either  in  K*ad-covered  or  braid -covered  cables, 
an<l  that  they  are  bron<>;ht  across  to  the  8witchl>oard  side  of  this 
piece  of  a|)[)aratus  by  cross-connectiii*^  wires. 

All  lines  running  from  the  main  distributing  l>oard  to  the 
8witchl)oard,  with  the  exception  of  tliose  carrying  tiie  transmitter 
battery  current,  ringing  current,  and  whatever  other  com|)arativcly 
heavy  current  may  be  provided,  are  carrie<l  in  what  is  known  as  a 
MiritrhhtHiiul  rahh-.  Tliis  calile  is  made  up  in  various  sizes,  the 
number  of  pairs  of  conductors  varying  with  the  work  reijuiretl. 
For  standard  l>oards,  the  ca])le  is  made  up  of  20  pairs  for  working 
pur|KJses,  and  one  or  two  extras  called  xjmre  y'i"''*i  t<>  1>«  used  in 
the  event  of  the  failure  of  any  of  the  regular  jwirs.  The  wire  used 
is  No.  22  B.  &  S.  gauge,  tinned;  the  insulation  consists  of  a  layer 
of  silk  thread  woueid  over  the  wire,  and  a  sujH*rimjx)setl  layer  of 
cotton  thread.  This  insulation  is  technically  known  as  <////////*- 
Htlk  ami  cotton.  The  pairs  are  l>ound  together  by  two  layers  of 
dry  paper,  over  which  is  wrap|K*d  a  layer  of  tin  foil.  The  outside 
cover  consists  of  two  layers  of  heavy  cotton  braid  saturatt**!  with 
jHJwdered  soa|>stone  and  paintt^d.  One  con<luctor  of  each  pair  is 
covennl  with  cohired  cotton  thread  while  its  mate  is  white. 

In  all  KwitchlK)ard  cables  used  by  the  liell  comjmnies,  and  in 
those  use<l  by  the  large  inde|)endent  comjianiea,  a  system  of  color- 
ing is  maintaineil,  to  assist  in  distinguishing  the  pairs.  The 
arrangement  of  the  colors  is  as  follows:  IJlue,  Orange,  Green, 
Brown,  Drab  or  Slate,  Blue  arnl  White  threads  mixetl,  Blue  an«l 
Orange  mixt\l.  Blue  an<i  (ireen.  Blue  and  Brown,  Blue  and  Slate, 
Orange  and  ^VTiite,  Orange  and  Green,  Orange  and  Brown,  Orange 
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and  Slate,  (rreen  and  White,  Green  and  Brown,  Green  and  Slate, 

Slate  aiul  White.     The  colors  for  the  two  extra,  or  spare,  pairs  are 

usually  Ited  and  White,  and  Solid  Ked.     These  cables  are  oval  in 

cross-section,  the  longer  diameter  being  about  an  inch,  and  the 

shorter  about  '^  inch.     In   order  to  make  the  proper  connections, 

the  cable  must  be  fanned  out  or  formed,  as  it  is  called,  and  before 

this  is  done  the  location  of  the 
c" 
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lugs  or  terminals  to  which  the 
wires  are  to  be  attached  must 
be  known. 

In  making  a  cable,  the  follow- 
ing points  of  information  should 
be  obtained,  as  shown  in  Fig. 
193.  The  distance  between  the 
highest  and  the  lowest  lugs;  the 
distance  from  the  surface  on 
M'hich  the  cable  is  to  rest,  to  the 
line  of  lugs  farthest  removed. 
In  the  illustration,  the  first  dis- 
tance is  that  }>etween  the  lines  a 
and  h;  and  the  second  distance, 
that  between  c  and  d.  To  the 
sura  of  these  two  distances  is 
added  two  inches,  which  gives 
the  distance  from  the  end  of  the 
cable  to  which  the  lead  and  braid 
covering  is  to  be  removed.  This 
distance  is  called  the  "skinning 
length".  This  having  been  done 
to  expose  the  conductors,  the 
edge  of  the  braid  covering  is 
bound  tightly  with  cotton  taj)e  as 
shown.  This  point  is  called  the 
butt  of  the  form.  The  opposite  end  a  is  cabled  the  tip.  Wire 
nails  about  two  inches  in  length  are  then  driven  into  a  board  in  a 
line,  with  a  spacing  equal  to  that  l)etween  consecutive  lucrs.  The 
nail  heads  should  be  allowed  to  project  about  one  inch.  Tlie  cable 
is  then  laid  down  on  the  board,  with  the  stripped  portion  against 
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the  nails,  the  butt  being  one  inch  from  the  Hrst  nail.     It  is  then 

securely  held  in  place  by  two  or  three  leather  strips  placed  over  the 

uiistrip{)ed  |»ortiun  and  fastened 

with  screws.      There  are  two 

ways  of  forniinj^  a  cable — one  is 

to  have  the  blue  wire  at  the  tip, 

and  the  other  is  to  have  it  at  the 

butt.   This  latter  form  is  resorted 

to  only  for  special  purj)Ose8. 

Assuming  the  blue  wire  to 
1k«  at  the  butt,  the  blue  wire  with 
its  mate  is  drawn  out,  and  U'ut 
around  the  lirst  nail,  as  shown  at 
No.  1,  Fig.  104.  The  orange 
wire  with  its  mate  is  Ix-nt  around 
nail  No.  2;  green  around  No.  3; 
brown  around  No.  4,  etc.,  until 
all  wires  have  been  so  treated. 
It  should  l)e  noticed  that  if  the 
form  is  to  be  that  shown  in  Fit;. 
1U3,  and  the  s^iacing  of  the  nails 
equal  to  that  between  consecutive 
lugs,  as '/  a\  the  blue  wire  will  be 
l>ent  around  the  first  nail,  and 
the  second  aronnd  No.  2;  the 
orange  wire  around  No.  3  and 
its  mate  around  No.  4,  etc.  The 
wires  having  been  all  thus  treat- 
ed, the  wires  are  held  in  position 
by  a  linen  thread  wound  around 
the  cable  to  bind  it  at  the  jK)int8 
where  the  wires  liend  at  right 
angles.  For  this  purfwse,  the 
Ix^st  (piality  linen  thread  should 
1h)  use<l,  and  it  should  l>e  thor- 
oughly saturated  with  melttnl 
crude  iHHJSwax  before  using. 


Fig.  191. 
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In  Y'lii.  195  are  shown  two  inetbcKls  of  windint;  on  this  thread. 
That  at  the  top  is  the  better  for  giving  a  binding  hold.  The  form 
having  been  thus  securely  bound  together,  a  distance  is  measured 
off  along  the  wires  from  the  line  of  nails  at  right  angles  to  the 
cable,  e<|ual  to  the  distance  from  the  surface  on  which  the  cable  is 
to  rest  to  the  line  of  lugs.  In  Fig.  194  this  distance  is  shown  be- 
tween the  lines  a  A,  and  at  this  point  the  insulation  is  cleaned  off 
each  wire.  In  the  case  of  the  form  shown  in  Fig.  193  two  dis- 
tances must  be  measured  alternately,  first  to  the  farthest  line  of 
lugs,  and  second,  to  the  nearest  line.  The  wire  is  cut  off,  one  inch 
from  the  point  where  the  insulation  ends,  to  allow  for  working. 
The  form  is  then  saturated  in  melted  wax,  in  the  same  manner  as 
that  adojtted  in  connection  with  2)aper  cables.  The  form  having 
been  saturated,  it  is  given  a  coat  of  shellac  and  allowed  to  dry. 


Fig.  195. 

Tlie  cal)le  is  then  ready  for  placing,  and  in  so  doing  it  is  laid  in 
place  and  securely  held  by  pieces  of  leather,  such  as  is  used  for 
belt  lacing,  placed  around  the  form  at  intervals  of  al>out  15  inches 
and  held  to  the  wood  by  screws.  The  wires  are  then  drawn  through 
the  holes  in  the  lugs,  bent  over  sharply,  and  soldered.  AVhen  the 
solder  is  cool,  the  free  ends  of  the  wires  are  cut  off  close  to  the 
lug,  and  the  job  is  finished. 

In  soldering,  great  care  should  be  taken  to  have  the  soldering 
iron  thoroughly  heated.  It  should  then  be  plact^d  on  the  lug  at 
the  point  where  the  wire  passes  through  the  hole,  until  the  lug 
itself  becomes  hot  enough  to  make  the  solder  run. 

In  making  a  form  for  the  end  of  the  cable  that  is  to  be  con- 
nected to  the  jacks,  the  same  method  is  adopted.  The  nails  are 
driven  in  at  intervals  equal  to  the  spacing  of  the  jacks  as  they  are 
placed  in  the  switchboard,  and  the  pairs  are  formed  together.  In 
wiring  between  the  jacks  and  the  drops,  or  between  any  two  jwints 
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not  far  removed,  it  is  often  nioet  economical  and  convenient  to 
make  a  cable  out  of  switchboard  wire.  It  is  done  as  shown  in  Fig. 
IDO.  The  wire  used  is  No.  22  B.  &  S.  gauge,  double  silk  and 
cotton  insulation,  two  conductors  twisted  together  to  form  a  {)air. 
Tlie  two  conductors  are  distinguished  from  one  another  by  the 
different  coloring  of  the  insulation.  In  making  a  form  of  this 
kind,  both  ends  must  be  done  at  the  same  time,  and  at  each  form 
two  rows  of  nails  must  be  driven  in.  These  two  rows  at  one  end 
are  denoted  by  the  numbers  1  to  5,  for  the  inner  row,  and  1'  to  5', 
for  the  outer.  At  the  other  end  they  are  called  by  the  numbers 
1*  to  5'  for  the  inner  and  1',  to  5',  for  the  outer.  The  distance  be- 
tween  the  two  rows  is  one  inch  in  excess  of  a  ^  in  Fig.  11)4.     The 
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end  of  the  twisted  pair  is  wound  around  nail  No.  1',  so  as  to  be 
held  securely,  and  brought  around  No.  1,  thence  to  No.  1'  to  1\, 
to  No.  2\  to  No.  2",  to  No.  2,  to  No.  2„  to  No.  3,  to  No.  3,  to  No. 
3',  to  No.  3',,  to  No.  4',,  to  No.  4',  to  No.  4,  to  No.  4„  to  No.  5„ 
to  No.  5,  to  No.  5',  ending  at  No.  5',.  Tlie  form  is  then  sewed 
up  in  the  manner  already  descrilM^l,  except  that  the  sewing  extends 
the  whole  length  of  the  cable.  By  cutting  the  wire  l)etween  nails 
2,  and  3,,  4,  and  5,,  1',  and  2\,  3',  and  4',,  there  remains  a  made- 
up  cable  having  5  pairs.  A  cable  of  this  kind  can  be  made  with 
u  capacity  of  almost  any  number  of  pairs.  It  is  seldom  made, 
however,  with  a  cajwcity  larger  than  20  jwiirs.  From  this  point 
the  treatment  of  the  cable  is  identical  with  that  already  descril)ed. 
Switchboard  cables,  or  cables  made  up  of  switchboard  wire, 
should  never  be  placed  in  damp  places,  or  where  water  is  liable  to 
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reach  tlieiii.  In  small  exchanges,  the  best  method  is  to  build  a 
false  Hoor  npon  the  real  one;  the  false  floor  being  of  sufficient 
height  to  accommodate  beneath  it  all  the  cables  necessary.  Per- 
haps a  safer  method  is  to  construct  a  galvanized  sheet-iron  duct, 
made  water-tight  and  placed  beneath  the  floor.  This  need  not  be 
done,  liowever,  except  when  the  exchange  is  damp,  or  where  it  is 
impossible  to  construct  a  false  floor. 

197  is  shown  the  end  elevation  of  a  standard  section 
of  switchboard.  The  framework 
is  made  of  mahogany,  the  height 
over  all  being  about  6  feet.  The 
portion  of  the  framework  en- 
closed in  the  bracket  a  is  called 
iheface  of  the  board,  and  on  it 
are  mounted  the  line  drops  i, 
the  clearing  out  drops  .s-,  and 
the  jacks  o.  Of  the  horizontal 
portion  that  marked  b  is  called 
the  plug  shelf.  It  is  about  six 
inches  wide  and  covered  with  sole 
leather,  shown  by  the  shaded 
portion.  It  is  drilled  for  two 
rows  of  holes  through  which  the 
cords  pass,  and  against  the  edges 
of  which  the  plugs  rest  when  the 
cords  are  not  in  use.  The  two 
plugs  on  the  same  end  circuit  are 
placed  on  a  line;  the  one  nearest 
the  face  of  the  board  (usually  re- 
ferred to  as  the  aiisweTUKj  jyluij) 
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is  for  answering  calls;  the  one  farthest  from  the  face  (referred  to 
as  the  calling  plug)  is  for  calling  subscribers.  The  answering 
and  calling  plugs  are  placed  on  two  lines  parallel  to  the  face  of  the 
board.  The  cords  are  shown  by  dotted  lines  at  g  g'  and  hh'. 
Each  one  passes  through  a  pulley  attached  to  a  weight  which 
ensures  the  plug  returning  to  its  position  on  the  plug  shelf.  The 
two  cord  weights  are  shown  at  t  and  f.  The  cords  are  shown 
fittached  to  their  respective  fasteners  1  and  2  placecj  on  the  coi-d 
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slu'lf.  Tlu*8t<  fastontTs  art'  plactfi  in  two  rows  |>aralli*l  to  the  fact' 
of  tlio  lK)ard,  ono  row  for  the  aiiHweriiij^  and  the  other  for  the 
calliiitr  cortls.  The  |Kirtioii  of  the  hoard  '/  is  ealleil  the  keylKMtril, 
from  the  fact  that  the  listening  and  ringing  keys  are  mounted 
thereon.  One  listening  key  is  shown  at  c,  and  a  ringing  key  at^/*. 
Tlio  listening  key  is  placed  directly  in  front  of  the  pair  of  cords  to 
which  it  connects  the  o|)erator'8  telephone  circuit.  The  ringing 
keys  are  placed,  one  just  to  the  right  and  one  just  to  the  left  of 


Fig.  198. 

the  two  plugs  to  whose  circuit  they  are  wired.  The  ringing  keys 
and  the  listening  keys  are  each  placed  in  a  line  ])arallel  to  the  face 
of  the  8witchlx>ard.  Tlie  keyboard  is  hinged  to  the  J)lug  shelf  at 
n  so  that  it  can  l»e  raised  to  jjive  access  to  the  keys  and  wirini;. 
It  closes  down  on  a  wooden  trough  ir.  The  transmitter  a*  is  sus- 
j)ended  by  the  two  transmitter  cords  which  form  the  circuit,  and 
which  are  similar  in  construction  to,  but  lighter  than,  the  cords 
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used  on  the  connecting  circuits.     The  cords  run  over  two  weighted 
pulleys,  one  of  which  is  shown  at  y. 

Fig.  198  is  tlie  rear  view  of  the  same  board,     Near  the  bottom 
is  seen  the  cord  shelf  with  the  two  rows  of  cord  fasteners  to  which 

the  cords  are  attached.  The  cords 
are  also  seen  passing  through  the 
cord  shelf  from  below.  Some  of 
them  are  knotted — a  practice 
resorted  to  when  the  cord  is  too 
long  to  keep  the  weights  from 
striking  against  the  floor  when 
the  plug  falls  into  its  seat  on 
the  plug  shelf. 

A  short  distance  above  the 
cord  shelf  is  seen  the  hard-rub- 
]>er  jack  panel.  This  panel  is 
drilled  for  120  jacks,  but  is 
equipped  with  only  80.  The 
bottom  row  of  vacant  holes  can 
be  seen.  The  switchboard  cables 
carrying  the  lines  rise  on  the 
right-hand  side  of  the  board, 
and  bend  horizontally  to  take  the 
jacks.  The  forms  and  the  sew- 
ing are  shown.  The  clearing- 
out  drops  are  in  a  row  just  above 
the  line  jacks.  These  are  12  in 
number.  The  line  drops  are 
placed  above  the  clearing-out 
drops.  The  board  has  a  capacity 
of  10  rows  of  10  di-ops  each,  8 
rows  only  having  been  placed. 
Tlie  hand-made  cable,  rising 
from  the  jacks  to  the  line  drops, 
can  be  seen  on  the  left-hand  side.  The  cord  circuit  wiring  from  the 
cord  fasteners  is  placed  on  the  under  side  of  the  cord  shelf,  and 
is  therefore  invisible.  The  hand-made  cable  from  the  keys  to  the 
clearing-out  drops,  rises  in  the  forward  corner  of  the  left-hand  side 
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of  the  l)oard.      In  the  upper  left-hand  corner  is  the    ofierator's 
iniiiiction  coil,  an«l   the  wirinj^  to  it  is  8«hmi   in   the  foreign )ur»l  on 
the  left-hand  side.     Tlie  transinittrr  cords  am  utfju-lifd  to  hinding 
|)08t8  screwed  to  the  roof  of  tht* 
IxNirds;  and  the  transmitter 
cortis  with  their  weijjhts. 

At  the  ritrht-hand  Hide  of 
the  line-drop  {Mnel,  and  passing 
down  to  tht^  eU*arin^-ont  drops, 
is  what  is  known  as  the  n'ujhi- 
hill  circuit.  It  is  of  compar- 
atively heavy  wire,  and  soldered 
to  lugs  opposite  each  row  of 
drops.  From  these  lugs  the 
circuits  are  continued  to  small 
contacts  placed  on  each  drop 
just  beneath  the  shutter,  so  that 
when  a  shutter  falls  this  cir- 
cuit is  closed,  and  a  buzzer, 
which  is  wired  in  series,  caused 
to  sound. 

It  should  be  observed  that, 
though  the  switchboard  is  only 
partially  e(piipjH*<l  with  jacks 
and  drops,  wiring  has  been 
placed  for  the  accommodation 
of  the  full  numbei*  of  circuits. 
This  is  done  as  a  measure  of 
economy;  if  an  increase  in  the 
e(]uipment  is  desired  at  some 
future  tinie,  all  that  is  neces- 
sary  is  to  place  the  additional 
jacks  and  dro{)8  and  solder  the 
connections. 

In  Fig.  UK)  is  shown  a  slightly  modifitnl  form  of  this  tyjw  of 
Iward  in  which  the  full  lenirth  of  the  framework  is  stvn.  In  addi- 
tion  to  the  apjiaratus  already  shown,  the  ringing  current  hand 
generator  is  seen  on  the  left-hand  side.     In  Fig.  200  is  shown  the 
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same  switchboard  with  the  rear  shutter  in  place.     This  shutter  is 
provided  to  keep  out  the  dust. 

The  forms  of  switchboards  ah-eady  shown  have  a  capacity  of 
100  lines.  Tliis  number  is  about  all  that  one  operator  can  handle. 
In  fact,  when  the  calling  rate  exceeds  4  calls  per  day  per  line,  one 
operator  cannot  successfully  handle  more  than  SO  lines.  Therefore 
when  more  than  80  to  100  lines  have  to  be  brought  into  a  switch- 
board, a  new  section  must  be  })laced  beside  the  first,  and  tlie  addi- 
tional lines  connected  thereto.  Under  these  conditions,  should  a 
call  from  a  subscriber,  whose  line  terminates  on  one  section,  be 
received  for  a  line  which  terminates  on  the  other  section,  the  opera- 
tor can  easily  complete  the  connection  by  reaching  across  to  the 
required  switchboard. 

Office  Trunks,  When  it  becomes  necessary  to  place  a  third 
section  of  switchboard  to  handle  the  increased  business,  a  new  con- 
dition presents  itself.  Calling  the  first  or  original  section  A,  the 
second  B,  and  the  one  last  installed  C,  it  will  be  evident  that  the 
operator  at  A,  can  make  connections  between  lines  whose  jacks  are 
on  the  A  and  B  sections  respectively,  but  cannot  complete  a  con- 
nection between  a  line  whose  jack  is  on  A  section,  and  one  whose 
jack  is  on  C  section.  The  operator  sitting  at  the  B  section  can, 
however,  complete  connections  between  any  lines  in  her  section, 
and  any  other  one  in  either  A  or  C.  The  operator  at  the  C  section 
is  similarly  situated  to  the  one  at  the  A  section,  and  her  work  is 
similarly  limited.  To  sura  up,  each  operator,  in  addition  to  being 
able  to  complete  connections  between  lines  the  terminals  of  which 
are  on  the  board  before  which  she  sits,  is  also  able  to  complete 
connections  between  lines,  one  of  which  has  its  terminal  on  her 
section,  and  the  other  on  an  adjacent  section.  It  must  become 
evident  that  some  means  must  be  provided  for  the  operators  to 
complete  connections  between  two  lines,  which  under  the  present 
conditions  are  not  accessible.  If,  for  example,  the  operator  sitting 
at  the  A  section  were  provided  with  one  or  more  circuits,  running 
betw^een  her  section  and  C,  then  these  circuits  could  be  used  to 
establish  connections  between  the  two  boards.  This  is  the  method 
used  in  overcoming  this  diflSculty. 

As  has  been  stated,  trunk  lines  are  those  running  between 
two  exchanges.    It  is  necessary  here  to  expand  the  term  to  include 
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Iiii(>8  joiiiinr;  iion-adjacvnt  8(>ction8  of  switcIilMmrd  in  tlut  same 
exflian«^e.  This  class  of  trunk  is  rffornnl  to  as  ojfir,  trunk  or 
xtrij>piiuj  tridik.  AVith  the  otfice  tiimk,  tin*  nunilter  of  sections  of 
Bwitchlioard  in  an  exchange  can  he  increastHl  indefinitely,  as  far  as 
tlie  practicability  of  estahlishinjj  connections  is  concerned.  Tliere 
comes  another  limitation,  however,  which  will  be  discussed  later. 
These  otHce  or  stripping  trunks,  when  they  were  first  introduced, 
were  wired  like  a  suhscrilwr  line,  with  a  drop  placed  on  each  one 
of  the  two  sections  that  they  connected,  as  shown  in  Fitr.  201.  A 
trunk  wired  in  this  nmnner  can  Ije  used  for  calls  in  lx)th  directions. 
For  example,  should  the  operator  at  .A  receive  a  call  for  a  sub- 
scriU'r  whose  line  terminates  at  C,  she  would  introduce  her  calling 
plu(^  into  the  trunk  jack,  thereby  cuttintr  off  the  drop  at  that  end. 
and  rintr  down  the  drop  at  (!.  The  oj)erator  at  C,  uj>on  j»lnfjtrina, 
would  cut  off  the  drop  at  her  end.     The  oj)erator  at  A  having  in- 
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formed  the  one  at  C  of  the  connection  required,  the  latter,  leaving 
the  answering  plug  in  the  trunk  jack,  introduces  the  plug  of  the 
calling  cord  into  the  jack  on  the  called  subscriber's  line  and  rings 
in  the  usual  manner.  Upon  the  called  subscriber  answering,  a 
circuit  is  established  through  his  line  to  the  operator's  cord  circuit 
at  (\  through  this  to  tlie  office  trunk,  thence  through  the  cord  cir- 
cuit at  A  to  the  calling  8ub8cril)er's  line.  Should  the  call  originate 
at  C,  for  a  line  terminating  at  A,  the  same  process  is  gone  through, 
but  in  the  opposite  direction. 

In  Fig.  202  is  shown  a  complete  connection  established  in 
this  manner.  The  details  can  1k^  readily  followed.  It  will  be  seen 
that  there  are  two  clearing-out  drops  bridged  across  the  circuit; 
one  at  the  A  section,  and  the  other  at  the  B  section.  This  condi- 
tion is  not  desirable  as  it  tends  to  cut  down  transmission,  and 
therefore  attempts  were  made  to  change  the  wiring  of  the  office 
trunk.     A  further  reason  for  desiring  to  make  a  change,  was  due 
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to  tho  fact  tliat  the  nuniber  of  calls  that  can-  be  handled  on  a  trunk 
of  this  type  is  limited;  and  therefore  if  the  business  is  heavy,  the 
number  of  such  circuits  will  necessarily  be  excessive.  The  change 
adopted  was  to  divide  the  number  of  such  trunks  in  two,  using  one 
half  for  handling  calls  from  A  to  C\  and  the  other  half  for  calls 
from  C  to  A.  The  drops  were  removed  and  the  incoming  end 
wired  to  cords  and  plugs.  The  drops  being  removed,  it  was  neces- 
sary to  provide  some  other  means  of  transmitting  the  information 
concerning  the  call,  from  one  operator  to  the  other.  To  this  end  a 
special  circuit  called  an  order  circuity  order  wire,  or  call  circuit 
was  provided.     Experience  soon  proved  that  it  was  advantageous 


Fig.  202. 

to  have  two  such  circuits,  one  for  transmitting  information  from 
A  to  ( ■,  and  the  other  for  transmitting  it  from  C  to  A.  At  the 
sending  end,  the  circuit  is  wired  to  a  key,  which  acts  in  the  same 
manner  as  the  listening  key.  The  other  end  is  wired  directly  to 
the  telephone  circuit  of  the  operator.  Thus  by  depressing  the  key 
at  the  sending  end,  the  operator  at  that  point  puts  herself  into 
direct  communication  with  the  operator  at  the  distant  point. 

The  trunks  in  each  group  are  numbered  from  one  up.  At 
the  sending  end  these  numbers  are  stamped  in  the  hard  rubber 
beside  the  jack,  and  at  the  incoming  end,  they  are  stamped  in  the 
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leather  of  tbt*  jtliii^  »lielf  directly 'ii>  front  of  tite  trunk  plu^.  Sup- 
pose that  the  operator  at  A  lias  a  call  for  a  line  tcnninatiii^  ou  C 
After  answering  the  Bu]>8crilH»r,  she  would  depress  the  key  of  the 
order  wire  and  say  to  the  oj)erator  at  (',  "give  me  iJoO",  that  Inking 
the  nniiil)er  of  the  calle<l  suhscrilwr's  line.  Tlie  ojH*rator  on  C 
would  answer,  *'Take  it  on  1",  1  being  the  ntnulH^r  on  the  trunk 
assigneil,  and  taking  up  the  ))1ug  on  trunk  No.  1  would  introduce 
it  into  the  jack  of  the  called  subserilier's  line.  The  oj)erator  at  A, 
having  received  the  assignment,  introduces  the  plug  of  the  calling 
cord  into  the  jack  of  trunk  No.  1,  thus  completing  the  circuit. 

Had  the  call   come  first  to  the  operator  at  (",  for  h  nnml>er  on 
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Fig.  203. 

the  A  section,  she  would  depress  her  order-circuit  key,  connecting 
herself  with  the  oj>erator's  circuit  at  A  and  say:  '•  (iive  me  15  ",  15 
being  the  number  CiiUed  for.  Tlie  o|)erator  A  would  then  answer, 
"Take  it  on  No.  1 ",  No.  1  being  the  numl)er  of  the  trunk  assigned 
and  introduce  the  J>lug  of  that  trunk  into  the  called  8ubscril>er's 
jack.  The  operator  at  C  would  then  plug  with  the  calling  conl 
into  the  jack  on  trunk  No.  1,  thus  completing  the  circuit. 

It  must  be  remembered  that  the  order  circuit  used  by  the 
o|)erator  at  A  to  transmit  calls  to  ('  is  sep^irate  and  distinct  from 
that  useil  by  the  o{)erator  at  C  to  transmit  to  A.     Also  the  set  of 
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trunks  used  for  completing  connections  from  A  to  V  is  separate 
and  distinct  from  that  used  for  completing  connections  from  C' 
to  A.  The  No.  1  referred  to  in  the  first  case  is  therefore  not  iden- 
tical with  that  referred  to  in  the  second. 

In  Fig.  203  is  shown  a  connection  established  between  a  sub- 
scriber's  line  on  the  A  section  and  one  on  the  C  section.  Here, 
the  trunk  jack  at  A  is  wiVed  without  a  drop,  while  at  the  C  end, 
the  trunk  ends  in  a  cord  and  plug  which  is  in  the  subscriber's 
jack.  The  order  circuit  key  is  shown  at  b;  the  normal  contacts 
])eing  bridged  to  the  outer  contacts  of  the  listening  key,  while  the 
outer  contacts  are  wired  to  the  telephone  circuit  of  the  operator 
at  0.  Upon  the  completion  of  the  conversation  on  a  connection 
which  is  completed  ov^r  a  ring-down  trunk,  both  the  clearing-out 
drop  at  A  and  C  are  thrown  by  the  ring-off,  so  that  both  the  opera- 
tors receive  the  signal  signifying  that  the  connection  is  to  be 
taken  down. 

"Where  a  circuit  trunk  is  used,  however,  the  o|>erator  at  one 
end  only,  receives  the  ring-off  signal,  and  the  operator  on  whose 
section  the  trunk  plug  is  situated  receives  no  signal  whatsoever 
when  the  connection  is  thus  taken  down.  In  order  to  prevent  the 
trunk  plug  being  left  in  the  subscriber's  jack,  thereby  preventing 
the  subscriber  from  calling  central,  and  also  keeping  the  trunk  out 
of  service,  the  operator  upon  taking  down  the  connection,  goes  in 
on  the  order  circuit  again  and  orders  the  other  operator  to  discon- 
nect the  trunk.  This  system  can  be  readily  extended  to  take  in  4, 
5,  0,  10,  and  more  sections.  When  more  than  three  sections  exist, 
each  section  is  equipped  with  a  group  of  trunks  and  an  order 
circuit  to  every  other  section  except  the  adjacent  one. 

The  number  of  sections  that  can  be  successfully  handled  with 
the  above  mentioned  system  depends  upon  another  point  which 
will  be  taken  up  directly.  Reference  to  what  has  already  been  said, 
and  to  the  circuits  will  show  that  every  time  a  connection  is  handled 
over  a  trunk  circuit,  the  work  of  two  operators  is  required,  which 
necessarily  takes  up  more  time  than  would  be  necessary  if  the  work 
were  done  by  one  operator.  "When  a  connection  is  required  be- 
tween two  lines  whose  jacks  are  within  reach  of  one  operator,  the 
time  required  is  that  of  plugging  into  the  calling  jacks,  ascertain- 
ing the  number  desired,  and  then  plugging  int(.  the  jack  on  the 
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line  called  for,  ringing  the  subscriber  and  waiting  for  Lini  to 
answer.  When  a  call  is  trnnke<l,  the  additional  time  taken  is  that 
necessary  to  reach  the  second  ojKjrator,  and  to  get  her  to  make  the 
assignment.  If  the  second  o[)erator  puts  the  trunk  plug  into  the 
jack  of  the  line  called  for  at  the  same  time  that  the  lirst  operator 
j)luggtKl  into  the  trunk  jack,  no  additional  time  would  l>e  taken  up 
l)eyond  that  already  noted.  In  actual  fact  there  is  always  a  little 
loss  here,  which  further  retards  the  completing  of  the  connection. 
Again,  the  fact  that  upon  the  completion  of  the  conversation, 
the  trunk  must  be  ordered  to  be  cleared  causes  an  additional  delay. 
The  operator  whose  duty  it  is  to  order  the  trunk  cleared,  may  at 
that  moment  be  busy  attending  to  the  wants  of  some  other  sub- 
scribers, so  that  the  trunk  will  remain  idle,  together  with  the  sub. 
scriber  line  into  which  it  is  plugged.  All  of  which  tends  to  slow 
down  the  service.  The  result  is  that  with  this  system  an  operator 
cannot  handle  as  many  lines  as  would  be  possible,  were  the  necessity 
for  trunking  reduceil  to  a  minimum  or  eliminated  altogether. 
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However,  before  this  |)oint  is  followed  out  in  detail,  it  will  be 
well  to  consider  the  condition  arising  when  an  additional  exchange 
is  opened.  If  a  call  from  a  subscriber  in  one  of  the  exchanges  is 
sent  for  a  8ubscril)er  in  the  other  exchange,  obviously,  the  connec- 
tion must  be  completed  over  a  trunk  between  the  two  switch- 
boards. Since  all  operators  are  likely  to  have  a  connection  of  this 
sort,  the  trunks  between  the  two  exchanges  must  be  within  the 
reach  of  all  the  ojierators.  A  little  thought  will  show  that  the 
trunks  betwt^n  exchanges  must  be  of  the  ring-down  tyj)e,  because 
if  they  were  of  the  circuit  tyj^e,  they  could  be  used  only  on  con- 
nections that  lay  within  reach  of  the  section  at  which  they  termi- 
nated in  cords  and  plugs. 

It  might  bt^  urged  that  a  group  of  trunks  could  be  provided 
for  each  non -adjacent  section  of  switch  board  at  the  other  office. 
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This,  however,  would  be  too  wasteful  of  trunks.  It  is  advisable 
to  divide  the  ring-down  trunks  into  two  groups:  one  for  sending 
calls  from  one  exchange  to  the  other,  and  the  other  for  sending 
them  in  the  reverse  direction.  Each  group  of  trunks  should,  at 
the  sending  end,  be  placed  within  reach  of  every  o})erator  and  this 
is  done  by  wiring  them  to  jacks  placed  in  every  alternate  section 
as  shown  in  Fig.  204,  where  the  straight  lines  placed  above  the 
letters  A,  I>,  (\  etc.,  denote  the  sections  of  switchboard.  Two 
trunks  will  be  seen  wired  to  jacks  placed  at  A,  C,  and  E.  The 
o|)ei'ator  at  B  can  reach  the  trunk  jacks  at  A  or  C,  and  the  one  at 
]),  can  reach  those  at  C  or  E,  so  that  they  are  within  reach  of 
every  operator  in  the  office. 

At  the  incoming  end,  each  trunk  terminates  in  a  jack  and 
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drop,  and  these  jacks  with  their  accompanying  drops  are  distributed 
evenly  among  the  sections.  The  calls  handled  over  these  trunks, 
are  dealt  with  in  the  same  manner  as  described  in  connection  with 
office  trunks.  Let  an  extreme  case  be  taken.  Suppose  that  a  call 
originates  in  one  office  which  shall  be  designated  by  Xo.  1  for  a 
connection  with  a  subscriber's  line  terminating  in  another  exchange 
known  as  No.  2,  the  method  of  completing  it  is  shown  in  the 
following  iigure. 

In  Fig.  205  is  shown  a  connection  established  over  a  ring- 
<l()wn  trunk  between  the  two  exchanges.  The  portion  on  the  left- 
Jiaud  side  of  tiie  dotted  line  represents  one  exchange,  Ko.  1,  anc^ 
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that  on  the  riglit-liHiul  Bi<le  the  utht*r  exchange,  or  No.  2.  Assuiu- 
itjg  that  the  call  originates  in  exchange  No.  1,  the  call  is  answered 
in  the  nsual  manner,  ami  tlie  o|)erator  at  No.  1  nj»on  learning  what 
is  reqniretl,  J)lug8  with  the  willing  cord  into  trnnk  jack  //,  place<l 
on  or  adjacent  to  the  section  at  which  she  is  sitting.  The  jacks 
denoted  hy  ^>  ft"d  '•  represent  those  on  the  same  trnnks  placed  on 
the  t)ther  stn-tion  of  the  same  exchange,  as  already  descrilnKl.  This 
trunk  being  rung  on,  the  drop  f  at  exchange  No.  2  falls,  and  the 
operator  sitting  at  the  section  U|K)n  which  it  is  placed  answers. 
Unless  the  nuniln'r  called  for  Imp|>tMis  to  be  on  the  same  sei'tion  as 
the  trunk  jack  and  drop,  this  lutter  o|>erator  must  make  use  of  an 
ofiice  trnnk  to  complete  the  connec-tion.  This  is  the  condition 
shown  in  the  figure,  where/' denotes  the  office  trunk  jack  and  tj 
the  plug  of  this  trunk  intnxlucetl  into  the  subscriWr  jack. 

In  putting  through  this  connection,  the  order  nnist  be  sent, 
first  from  the  operator  at  exchange  No.  1  to  the  operator  at  No.  2 
who  answers  the  trtink.  Second,  from  this  oj)erator  to  the  other 
one  in  the  same  exchange  who  has  access  to  the  called  8ubscril>er's 
jack.  This  process  entails  a  loss  of  time  and  slows  down  the 
service.  Agjtin,  the  condition  of  two  clearing-out  drops  being 
bridged  across  the  circuit  is  met  with. 

Subdivided  Multiple.  To  do  away  with  the  necessity  for  re- 
j)eating  the  call  to  a  third  operator,  and  also  cutting  out  one  clear- 
ing-out droj),  a  scheme  was  devised  which  is  called  a  sulnlividetl 
multiple.  Some  one  section,  usually  one  of  the  two  end  sections, 
is  set  aside  for  a  trunk  section,  and  on  it  are  placed  a  sufficient 
numl>er  of  jacks  to  have  one  connected  to  every  line  entering  the 
exchange.  When  a  trunk  is  calltHi  for  from  some  other  exchange, 
this  ojR'rator  answers  it,  and  having  the  terminals  of  all  the  lines 
in  the  exchange  within  reach,  is  able  to  complete  the  connection 
herself.  This  was  the  first  step  towards  the  introduction  of  a  full 
multiple  switchboanl. 

Multiple  Switchboard.  The  full  multiple  switchboard,  or 
multiple  switchboard  as  it  is  more  commonly  called,  does  away 
altogether  with  the  nse  of  the  office  trunks,  and  when  the  business 
is  heavy  enough  it  is  the  most  economical  system.  For  example, 
suppose  that  there  are  1,000  lines  to  be  handled  in  an  exchange, 
and  one  o|»erator  is  able  to  handle  100  only.     With  the  standard 
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svsteni  10  sections  and  10  operators  would  be  required.  If  a 
multiple  switchboard  be  substituted,  the  time  saved  in  doing  away 
with  the  use  of  the  stripping  trunk  m  ill  be  sufficient  to  enable  each 
ojKjrator  to  handle  maybe  200  lines,  thus  cutting  down  the  num- 
ber of  operators  necessary  to  handle  the  business  by  one  half. 

The  principle  of  the  multiple  switchboard  is  as  follows:  Each 
line  is  wired  to  a  jack  and  drop,  placed  on  the  section  at  which  the 
operator  sits  whose  duty  it  is  to  answer  calls.  This  jack  is  called 
the  answering  jack.  In  addition  to  this  jack,  there  appears  in 
each  section  one  additional  jack,  wired  to  this  line.  These  latter 
are  called  multiple  jacks,  and  are  used  by  the  operators  in  calling 
subscribers. 

Multiple  switchboards  are  divided  into  two  classes:  Series 
and  I^ridging,  Series  and  Switchboard.  In  the  former,  the  line 
runs  through  the  multiple  and  answering  jacks  in  series.     In  Fig. 
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200  is  shown  a  subscriber's  line  inultipled  through  a  series  board. 
The  sections  are  denoted  by  the  numbers  1,  2,  3,  4,  etc.,  and  are 
separated  from  one  another  by  the  dash  lines.  The  multiple  jacks 
are  shown  atY^,  J,'C,  d^  and  e^  one  in  each  section;  and  the  answering 
jack  and  drop  are  shown  aty  and  g  respectively.  They  are  placed 
on  the  fifth  section.  It  will  be  observed  that  the  jack  is  of  the 
same  type  as  that  already  shown.  One  side  of  the  line  is  wired 
through  the  contact  spring  and  the  contact  point  of  each  jack  in 
series,  so  that  when  a  plug  is  introduced  into  any  one  of  the  jacks, 
the  drop  is  cut  off.  Hence  the  name  series.  The  two  sides  of  the 
main  distributing  board  are  shown  at  o  and  m. 

In  Fig.  207  is  shown  a  connection  established  between  two 
lines  a  and  ^,  both  of  which  are  multipled  in  sections  1,  2,  3,  4, 
»nd  5.     The  multiple  jacks  of  the  line  a  are  show'n  at /,  Tc,  I,  tn. 
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and  n.  and  tlie  answering  jack  and  drop,  at  o  and^  respectively, 
on  the  '*5''  sectiou.     The  multiple  jacks  ou  the  line  b  are  shown 
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at  <•.  '/,  «%^/*,  and  v»  ^vith  the  ansNverlng  jack  and  drop  at  h  and  / 
respectively,  on  the  first  section.     The  subscribe*"  on  line  a  has 
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called  and  was  answered  by  the  oj)erator  at  the  "5"  section  by 
intrcxlucing  the  answerinjr  plug  into  the  answering  jack  o^  thereby 
cutting  olf  the  drojiy^  The  subscriber  on  the  line  h  was  called  by 
the  0|)erator  pushing  the  calling  plug  into  the  multiple  jack  y, 
thereby  cutting  off  the  drop  i,  and  ringing.  Had  the  call  come  in 
the  reverse  direction,  that  is,  had  the  party  on  line  b  called,  the 
oj)erator  at  section  No.  1  would  have  answered  by  pushing  her 
answering  plug  into  the  answering  jack  //,  and  calling  the  sub- 
scriber on  line  a  by  going  in  with  the  calling  plug  at  the  multiple 
jack  ;/,  thereby  cutting  off  the  dropy^ 

It  must  be  remembered  that  there  niay  l>e  anywhere  from 
],()()0  to  8,()()()  lines  in  the  switchboard,  all  wired  as  those  shown 
at  (t,  and  h.  It  will  be  evident  that  with  this  system,  connections 
can  be  established  and  cleared  in  much  less  time  than  where  a 
second  oj)erator  is  necessary.  Furthermore,  the  service  receives  an 
additional  impetus  from  the  fact  that  the  operators  being  relieved 
of  the  necessity  of  making  trunked  connections,  have  nothing  else 
to  do  but  to  attend  to  the  wants  of  the  subscribers  whose  answer- 
ing jacks  are  placed  before  them. 

One  feature,  however,  of  this  system  is  absent  from  the  stand- 
ard board.  Take  the  case  shown  in  Fig.  207.  Suppose  that,  while 
the  conversation  is  going  on  between  the  two  parties  on  the  lines 
a  and  J,  a  call  comes  in  for  either  one  of  them  from  a  line  ;»  whose 
answering  jack  is  situated  on  section  3.  Now  the  oj)erator  at 
section  3  not  being  able  to  see  section  5,  and  not  having  the  time 
to  look,  if  she  were  able  to  see,  would  complete  the  connection  by 
plugging  into  the  jack  I  or  e  as  the  case  might  be,  thus  connecting 
X  with  the  two  parties  who  are  already  talking.  This  condition 
would,  of- course,  Ije  very  undesirable. 

To  prevent  this,  some  form  of  signal  iifust  be  given  to  the 
other  operators  that  these  two  lines  are  in  use.  The  signal  used 
in  this  work  is  called  the  hnny  t^xt  and  is  established  in  the  follow- 
ing manner:  First  consider  the  operator's  cord  circuit  shown  at 
section  5.  It  consists  of  the  two  plugs  and  cords,  the  two  ringing 
and  one  listening  keys,  and  the  clearing-out  drop;  but  the  wiring 
is  different  from  anything  yet  seen.  The  shanks  of  the  plugs  are 
connected  through  ihe  mi-ldle  and  inner  contacts  on  one  side  of 
each  of  the  two  ringing  ktys  r  and  r.     The  listening  key  t  is  of 
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H|MH;ial  design  and  is  e4piip{)ed  with  a  8|)ecia]  spring  1,  which,  when 
ill  the  ]M>sition  shown,  makes  connection  with  an  inner  contact 
])oint.  This  spring,  althongh  insulated  from  2  and  3,  is  mechanic- 
ally connected  to  tlieni,  so  that  when  the  key  is  depressed  the  cou- 
tact  is  broken.  FoUowintr  the  cord  circuit  from  the  tip  of  one  plui^ 
to  that  of  the  other,  it  will  \te  seen  that  after  passing  throut^h  the 
opposite  side  of  the  rintrincr  key  /•  it  passes  to  the  sprint^  No.  1  of 
the  listening  key.  Suppose  this  key  de|)resst'd  and  the  contacts  at 
1,  "2,  and  3  liroken  in  conse<]nence,  and  that  In-tween  Hand  4  made. 
The  spring  1  U'ing  wire*!,  or  stnip[MHi,  to  the  spring  4,  the  circuit 
therefore  follows  this  jwith  to  the  spring  iJ,  thence  to  the  |ioint  7. 
fnim  wlienct*  it  |ttisses  through  the  ringing  key  /'  to  the  tip  of  the 
ping  at  ".  The  clearing  out  drop  is  l>ridg«*<l  stcross  this  circuit 
at  S  and  7. 

Suppose  now  tin*  o|H*rator,  in  order  to  listen,  adjusts  her  key 
as  shown  in  the  tiirure.     The  connection  Wtween  ii  an<l  4  is  broken 

D 

and  those  l)etween  ii  ami  <),  2  and  o,  and  1  and  \)  are  made.  Fol- 
lowing the  circuit  now  from  the  shank  of  the  plug  to  the  jwint  K, 
it  runs  from  there  through  the  contacts  1  and  5  to  one-half  tr'  of 
the  secondary  eoil  winding.  Thence  through  the  o|)erator'a  re- 
ceiver tt  to  the  other  half  ir  of  the  winding,  to  the  condenser  jt,  to 
the  contacts  9  and  1,  and  back  to  the  tip  of  the  plug.  A  bridge 
is  formed  through  the  condenser  ./%  and  the  contacts  fi  and  H,  the 
jK)int  7  to  the  tip  of  the  ])lug  at  n.  Keturning  from  the  shank, 
the  bridge  is  completeil  at  S.  Thus  the  operator's  circuit  is  bridged 
to  lH)th  8ubscril)er8. 

The  coil  of  the  ojierator's  receiver  is  split,  the  middle  point 
U'irjg  carrietl  to  ground  at  y.  Wiretl  to  the  shank  of  each  plug  is 
a  battery — one  shown  at  z  and  the  other  at  ^',  the  circuits  ]>ai>sing 
throuirh  a  retardation  coil,  one  of  which  is  shown  at  v  and  the 
other  at  r'.  When  a  plug  is  introduceil  into  a  jack,  this  battery 
is  thrown  on  the  rings  of  all  the  jacks  on  that  line. 

I'nder  the  condition  shown  in  Fig.  207,  the  {Mteutial  of  the 
lottery  z  wouUl  l>e  thrown  on  the  rings  of  the  jacks  «,  »,  tw,  /,  l\ 
and  /;  and  that  of  the  battery  ^',on  the  rings  of  the  jacks //,/", «',^/,»', 
and  /'.  The  retardation  coils  /•  and  /'  ea«*h  consist  of  an  electro- 
magnet with  a  soft-iron  core,'the  coils  having  a  resistance  of  <J'M> 
olnns.     Their  actitui  is  to  retaiil  or  choke  off  the  talkin<r  current. 
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BO  that  transmission  will  not  be  reduced  or  tlie  line  made  noisy, 
while  the  direct  current  from  the  battery  is  allowed  to  flow  when- 
ever a  path  is  offered,  llemembering  that  every  operator  is 
equipped  with  cord  circuits  identical  to  that  shown,  suppose  that 
the  operator  at  section  2,  for  example,  receives  a  call  for  the  line  a. 
By  touching  the  tip  of  the  calling  plug  to  the  ring  of  the  jack,  l\ 
the  following  path  will  be  afforded  the  current,  which  will  be  traced 
out  on  the  cord  circuit  shown  to  save  confusion  by  drawing  another 
cord  circuit  on  section  2.  From  the  ring  of  the  jack  to  the  tip  of 
the  plug,  thence  through  the  ringing  key  to  the  spring  1,  thence 
to  9,  to  the  opposite  side  of  the  condenser  a-,  through  w  to  the 
receiver  u.  Passing  through  one-half  of  the  coil  on  u  it  goes  to 
ground  at  q.  Every  time  the  tip  of  the  plug  is  touched  to  the 
ring  of  the  jack,  a  rush  of  current  flows  to  ground  through  this 
circuit  causing  a  "click"  in.  the  operator's  receiver.  The  pres- 
ence of  this  click  informs  the  operator  that  the  line  is  busy. 

The  connection  being  taken  down,  the  battery  potential  is 
nioved  from  the  rings  of  the  jacks,  so  that  upon  an  operator  touching 
the  tip  of  a  calling  plug  to  any  of  them,  no  current  floMs  through  her 
receiver  to  ground,  and  consequently  no  "  click  "  is  heard. 

The  condenser  *;,  which  has  a  capacity  of  2  M.F.,  is  needed 
for  the  following  reason:  When  the  operator  tests  for  a  busy 
line,  the  answering  plug  is  always  in  some  answering  jack.  There- 
fore when  the  tip  of  the  calling  plug  is  touched  to  the  ring  of  the 
jack  called  for,  the  current  would  flow  down  to  the  condenser  a?, 
as  described,  and  wanting  its  presence,  some  of  it  would  pass 
through  the  listening  key,  out  on  the  line  of  the  party  calling. 
This  would  result  in  the  subscriber  getting  an  unpleasant  noise  in 
his  ear,  and  in  reducing  the  strength  of  the  busy  test  by  shunting 
too  much  current. 

The  great  disadvantage  of  the  series  multiple  switchboard  lies 
in  the  fact  that  on  one  side  of  the  line  there  is  a  series  contact  at 
each  jack,  and  the  number  of  such  contacts  increases  with  the 
number  of  sections.  In  the  series  switchboard  in  use  a  short 
Avhile  ago  at  the  Courtland  St.  exchange  in  New  York,  there  were 
44  sections,  and  consequently  44  series  contacts  on  one  side  of 
each  line.  The  smallest  amount  of  dust  settling  on  these  contacts 
gives  them  an   apprecial>le  resistance-  which   increases  with    the 
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number  of  jacks,  and  this  resistance  is  all  thrown  in  on  one  side 
of  the  line.  The  result  is  that  the  line  l)econie8  unbalanced  and 
noisy.  Furthermore,  if  the  dust  defKJsit  is  the  least  bit  exagger- 
ated, as  for  example  from  sweepini^  the  floor  carelessly,  the  resist- 
ance at  the  contacts  often  becomes  so  high  as  to  render  conversation 
im[>08sible.  A  practical  example  will  illustrate:  In  the  Courtland 
St.  exehanjie  alM)ve  referre<l  to,  the  rt^sistance  l»etween  the  first  and 
the  44th  section  of  that  sideof  the  line  which  passed  through  the  jack 
contacts,  was  normally  13  ohms.  At  times  it  went  as  high  as  50 
ohms,  and  even  to  an  open  circuit.  To  overcome  this  defect,  the 
i<lea  was  conceived  of  bridging  the  multiple  and  answering  jacks 
across  the  line,  and  this  gave  use  to  the  bridging  multiple  board. 
Bridg^ingr  Switchboard.  In  Fig.  20S  is  shown  the  wiring  of 
a  subscriber  line  ymssing  through  a  bridging  board.  As  l)efore, 
the  main  distributing  l>oard  is  seen  at  a.     At  &  is  a  new  piece  of 


ap])aratus  which  came  into  use  in  connection  with  this  tyj)e  of 
switchUjard,  although  it  is  also  used  with  the  series  l)oard.  It  is 
called  the  iiiterme<liate  distributing  boanl  and  its  use  will  lie 
tiescriljeil  directly.  There  are  five  sections  of  switchlx)ard  denoted 
by  the  lioman  numerals,  and  in  each  one  is  shown  a  multiple  jack 
bridged  to  the  line.  This  jack  is  of  a  different  design  from  that 
previously  shown.  Referring  to  the  one  shown  in  section  I,  it  will 
l)e  seen  to  be  made  up  of  three  springs  and  two  rings.  The 
springs  are  shown  2«t  <-,  </,  and  iV^  and  the  two  rings  at  e  andy*. 
The  spring  <-  forms  one  of  the  contacts  of  the  talking  circuit,  the 
other  contact  being  the  ring «-.  A  battery  //  groundeil  at  //<  is  con- 
nei'ted  to  the  spring  iV  on  all  the  jacks;  while  the  spring  '/  is 
strapped  to  the  outer  ring/*,  and  is  connected  to  a  third  wire  which, 
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for  the  multiple  jacks,  runs  to  the  contact  8  on  the  intermediate 
distributing  board,  and  for  the  answering  jack  g  which  is  shown 
on  the  third  section  it  is  run  to  the  contact  3'.  The  contacts  8 
and  3',  2  and  2',  and  1  and  1'  are  cross-connected  as  shown.  The 
drop  is  shown  at  /',  and  is  of  a  special  design  introduced  witli  this 
ty|xi  of  switchboard. 

The  drops  shown  in  connection  with  iLe  standard  and  series 
multiple  boards,  are  so  constructed  that  the  shutters,  upon  being 
runcr  down,  must  be  restored  by  hand.  This  work  naturally  takes 
up  a  large  percentage  of  the  operator's  time  and  also  necessitates 
the  placing  of  the  drops  in  such  a  manner  that  they  shall  be  within 
easy  reach.  In  the  design  of  the  drop  used  in  connection  with 
bridging  boards  two  points  are  brought  out: 

First,  the  drop  being  permanently  bridged  across  the  Hue,  like  the 

clearing-out  drop,  must  be  of  high 
impedance  and  proof  against  cross 
talk.  To  this  end  it  is  wound  to  a 
resistance  of  (KK)  ohms  and  is  in- 
cased in  an  iron  shell. 

Second,  the  drop  must  be  so  con- 
structed that  it  will  be  restored  by 
the  introducing  of  the  plug  of  the 
operator's  cord  circuit  either  into  the 
multiple  or  the  answering  jacks. 

To  accomplish  this,  a  second  coil  is  wound  around  the  surface 
of  a  second  core,  which,  when  energized,  attracts  the  armature, 
which  acts  as  the  drop  back  to  its  original  position.  In  Fig.  201) 
is  shown  this  style  of  drop  in  section.  The  cores  are  shown  at  a 
and  <i'  and  are  of  the  usual  form,  covered  with  the  insulating 
material  b.  The  line  coil  or  that  which  is  bridged  to  the  line,  and 
operates  to  throw  the  drop,  is  shown  at  e.  The  armature  actuated 
by  this  coil  is  shown  at  /',  and  is  pivoted  at  the  top  in  the  usual 
manner.  Attached  to  this  is  the  stiff  wire  with  the  catch  <j.  The 
second  armature,  which  acts  as  the  drop,  is  shown  at  e.,  and  is  piv- 
oted at  the  bottom.  A  stop 'is  provided  so  that  it  cannot  fall 
through  a  greater  angle  than  that  shown.  The' second,  or  restoring 
coil,  is  shown  at  d,  it  being  separated  from  the  line  coil  by  a  par- 
tition. It  is  wound  to  have  a  resistance  of  about  50  ohms.  Both 
the  armatures  e  and  f  have  a  hollow  depression  in  the  center  into 
whicli  tits  the  end  of  the  core,  when   they  are  drawn  ch)se  up 
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iit^Hiiist  the  magnets.  Tlie  caU-li  is  of  a  |)eculiar  desij^n,  having  a 
notcli  into  whicii  tits  tlie  ii|>jK*r  tilcje  of  the  armature  r.  when  the 
hitter  is  restored.  The  sniaUer  projection  in  the  rear  of  the  notch 
keeps  the  armature  from  I>ein«;  attracted  any  nearer  to  the  core, 
wliich  won  hi  result  in  its  failing  to  fall  by  gravity  when  releasetl. 
The  terminals  of  the  two  coils  are  hronirht  out  through  holes/'  in 
the  armature. 

Fig.  210  shows  the  general  ap|M'arance  of  the  drop.  Here 
the  armature  /'  is  shown  in  the  foreground,  with  the  four  hard- 
ruhl)er-l>ushe<l  lioles  for  the  coil  terminals.  Terminals  Nos.  1  and 
'1  are  for  the  line  coil  and  Nos.  3  and  -t  for  the  restoring  coil.  The 
other  armature  or  drop  is  shown  at  t-.  The  line  numl>er  is  painted 
(»n  this  armature,  and  an  aluminum  shutter  corresjjonding  in  size 
normiilly  covers  it.  M'hen  the  droj»  is  rung  down,  this  shutter 
swings  up  ex|)osing  the  numljer,  and  falls  into  place  again  when 
the  drop  is  restortnl.  The  drop 
is  moiiuted  on  the  plate  .<•,  which 
se|(arates  the  two  halves.  Since 
these  drojM>  need  not  he  placed 
within  reach  of  the  ojKMatoi' they 
are  mounted  over  the  multiple 
jacks.  Turnintrairain  toFitj.  2()S 
it  will  he  seen  that  the  section  of 
the  drop  enclosing  the  line  coil  is 
shown  at  /,  while  that  enc!o-iug  Fig.  210. 

the  restoring  coil  is  shown  at  o 

Before  going  into  the  details  of  the  design  of  the  o|)erator*8 
cord  circuits  let  us  consider  what  would  l>e  the  effect  of  intrwiucincr 
the  plug  into  a  jack  after  the  firoj)  has  l>een  rung  down.  I^t  the 
jack  on  section  I  be  considereil.  Plugging  into  the  jack,  the  tip, 
to  which  is  connected  one  side  of  the  talking  circuit,  makes  contact 
with  the  sjiring  /•.  The  other  side  of  the  talking  circuit  is  con- 
nected to  the  shank  of  the  plug,  and  makes  contact  with  the  ring 
of  the  jack  e.  The  shank  is  protected  with  a  bard-rubber  collar, 
so  that  it  will  not  make  contact  with  the  outer  ring/*.  The  plug 
is  so  constructed  that,  when  iu  place,  a  brass  ring  makes  contact 
lielween  the  sj)ring8  </  and  tl\  closing  the  circuit  and  allowing  cur- 
rent from  the  battery  /'  to  flow  from  one  to  the  other.    When  this 
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lia|)|)t'iKs,  tlu'  |)oteiitial  of  the  battery  is  thrown  on  the  outer  rings 
of  all  the  jacks  for  the  busy  test,  and  also  from  the  answerintr  jack 
through  the  restoring  coil  of  the  drop  to  ground,  thus  restoring  the 
drop.  Analysis  of  the  circuit  will  show  that  this  action  will  take 
place,  no  matter  in  what  jack  the  plug  is  placed. 

In  Fig.  211  is  shown  the  detail  of  the  wiring  of  the  operator's 
cord  circuit.  The  tip  of  the  plug  is  shown  at  a.  The  brass  ring 
to  which  no  wire  is  connected,  but  which  serves  to  close  the  con- 
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Fig.  211. 

nection  between  the  two  jack  springs,  is  seen  at  h.  The  shank  of 
the  plug  is  shown  at  c  and  the  two  hard-rubber  rings  insulating  a 
from  1)  and  h  from  <?,  at/ and  e  resj)ectively.  At  d  is  seen  the 
hard-rubber  collar  insulating  the  shank  from, the  outer  ring  of  the 
jack.  Both  plugs  are  identical.  The  listening  key  is  shown  at  ij 
and  is  of  peculiar  design;  it  consists  of  four  springs  6,  5,  2,  and  7. 
The -springs  2  and  7  are  electrically  insulated,  but  mechanically 
connected  by  the  hard-rubber  block  h.     There  are  three  contact 


"8 


TELEPHONY  206 


points  1,  3,  and  4.  The  ijj>ring8  5  and  7  are  bridged  across  the 
conl  and  the  contact  )>oint8  3  and  4  are  connected  to  the  0|)erator'8 
telephone  circuit.  One  terminal  of  the  line  coil  of  the  clearing- 
out  drop,  shown  at  /  ia  connected  to  0,  while  the  other  terminal  is 
connected  to  7.  C)ne  terminal  of  the  restoring  coil^'  is  connected 
to  the  spring  2.  while  the  other  terminal  is  groundtj;!  at  /. 
(irounded  battery  K,  is  connected  to  the  contact  |)oint  /. 

In  the  position  shown,  the  operator  is  able  to  listen  in.  8up- 
|X)8e  the  key  depresstnl,  so  that  contact  with  the  points  /,  5,  and  4 
is  broken,  and  contact  made  between  the  springs  5  and  (J.  The 
line  coil  of  the  clearing-out  drop  is  now  bridged  across  the  cord. 
When,  u|>on  completion  of  the  conversation  it  is  rung  down,  the 
ojjerator  adjusts  her  key  as  shown,  opening  one  side  of  the  line 
coil,  cutting  in  Iut  telephone  set,  and  by  closing  the  contact  be- 
tj^eeu  the  ]>oint  1  and  the  spring  2,  throws  the  current  from  the 
lottery  K  thn»ugh  the  restoring  coil /.  Tlje  clearing-out  drop  is 
identical  with  the  line  drop  in  design  and  construction. 

The  system  just  descril>ed  is  an  improvement  over  the  series 
switchb<iard,  l>ecause  it  is  perfectly  balanced  throughout,  and  the 
drops  are  self  restoring.  It  gives  excellent  satisfaction  for  local 
work.  The  fact  that  the  two  line  drops  and  the  clearing-out  drop 
are  bridjied  across  the  line  during  conversation,  tends  to  reduce  the 
efficiency  of  transmission.  On  very  long  lines  this  reduction  would 
be  serious,  and  therefore  the  Tvong  Distance  Com|>any  cut  the  drop 
off  by  a  special  form  of  wiring  which  will  be  described  later. 

Intermediate  Distributing  Board.  It  has  already  been  said 
that  the  introtiuction  of  the  bridging  board  brought  into  use  the 
intermediate  distributing  board.  It  must  lie  remembered  that  all 
lines  entering  a  switchboard,  are  not  equally  busy.  It  may  hap{)en 
that  the  operators  on  section  I  find  that  the  lines  assigned  to  them 
are  so  busy  that  the  calls  can  l>e  handled  with  ditliculty,  if  at  all, 
while  those  assigned  to  the  oj)erator8  at  section  I V  are  not  busy 
enough  to  make  the  operators  work  up  to  their  full  capacity.  A 
remedy  that  suggests  itself  as  obvious,  would  be  to  transfer  some 
of  the  answering  jack  circuits  from  section  I  to  section  IV.  It 
must  be  rememWred  that  in  making  this  transfer,  the  call  number 
cannot  be  changed,  so  that  it  cannot  l)e  Diade  at  the  main  dis- 
tributing board.     What  is  wanted  is  to  connect  that  row  of  multi- 
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ult!  jucks  tt)  sill  answering  JHfk  and  ilroj)  jilareil  on  section  1  \'.  At 
the  intermediate  distributing  board  this  change  can  be  readily  made 
by  cross-connecting  the  given  multiple  wiring  to  an  answering 
jack  and  drop  placed  on  the  required  section. 

The  intermediate  distributing  board  has  also  another  use. 
Tliough  the  growth  of  the  telephone  business  is  steady,  subscribers 
often  give  up  service  from  one  cause  or  another.  From  an  oper- 
ating standjwint,  it  is  not  good  practice  to  use  the  call  number  of 
the  disconnected  line  for  a  new  subscriber  within  three  months  of 
the  date  of  disconnection.  A  new  connection  being  established,  it 
is  cross-connected  to  a  new  set  of  multiple  jacks,  but  by  means  of 
the  intermediate  board,  the  old  answering  jack  can  be  used,  and 
this  particular  o|)erator  retain  the  same  number  of  lines  to  handle 
as  she  had  originally. 

In  designing,  the  intermediate  frame  resembles  the  main  dis- 
tributing frame,  the  difference  being  that  no  protecting  aj)paratus 
is  used.  The  multiple-jack  wiring  is  connected  to  the  horizontal 
side,  while  the  answering- jack  wiring  is  connected  to  the  vertical 
side.  The  cross-connecting  wire  used  is  triple-conductor  twisted 
wire,  two  conductors  for  the  talking  circuit,  and  the  third  for  the 
busy  test  and  restoring  battery. 

TRUNKING. 

The  subject  of  trunking  has  already  been  touched  on  in  con- 
nection with  standard  and  subdivided  multiple  boards.  It  will 
now  be  desirable,  in  connection^with  full  multiple  switchboards,  to 
go  into  the  subject  rather  more  in  detail.  In  connection  with 
ring-down  trunks  nothing  additional  need  be  said,  as  the  multiple 
switchboard  introduces  no  new  features,  so  that  the  discussion 
will  be  given  up  entirely  to  circuit  trunks.  The  following  points 
are  essential: 

In  operating  with  circuit  trunks  the  following  events  occur  in  order: 
The  subscriber  operator  having  received  a  re<juest  for  a  connection  neces- 
sitating the  use  of  a  trunk  to  a  distant  exchange,  puts  herself  iu  communi- 
cation with  the  trunk  operator  at  the  distant  exchange  ijy  means  of  the 
«)nler  circuit,  and  re<iuests  the  desired  connection ;  or,  to  use  technical  Ian-  ' 
guage,  jHiHses  the  call.  The  trunk  operator,  having  received  the  call,  as- 
signs the  trunk  to  be  used  and  after  testing  the  subscriber  line  called  for 
and  finding  it  not  in  use,  plugs  into  it  with  the  trunk  plug.  This  interval 
is  called  that  required  to  jmt  up  the  connection. 
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I^'pou  the  completion  of  the  couvernatiou,  the  subscriber  o|>erator  at 
the  lirst  exchange  withdrawn  the])lug  fruiii  the  auHwering  jack,  and  agahi 
gohig  in  on  tlie  order  circuit  ordera  the  trunk  operator  at  the  dintant  ex- 
change to  witlidraw  tlie  trunk  plug  from  tlte  calle<l  Hul>Mcri iter's  muitiple 
Jack  or  to  clear  the  trunk  as  it  in  calleti.  The  trunk  operator  tliereu|x>n 
does  as  dire<'te<l.  Ttie  interval  from  tlie  time  that  the  converHation  is  lin- 
l»he<l  and  the  ring-<jfr  signal  given,  up  to  the  time  that  the  trunk  is  cleared, 
is  called  the  time  reijuiretl  to  clear  the  vonuectinn.  The  first  interval  is 
shorter  than  the  second  an<l  i^i  almost  a  minimum;  there  is  no  i^ossible 
way  in  w  hich  its  length  can  be  materially  reduceil. 

The  history  of  trunk  developnitMit  is  connected  with  the  de- 
relopnient  of  the  switchboard,  so  that  the  trunks  first  considered 
will  be  thost^  In'tween  two  exchan<i;e8  e(juipped  with  series  boards. 

In  ortler  that  the  trunk  o[H*rator  may  have  no  other  class  of 
business  to  handle,  the  trunk  pluj^s  are  plac^xl  together  at  one  end 
of  the  8witchl)oanl.  Tlie  nunil>er  of  sections  thus  (K'cuj)ie<l  will 
(ItMtend  altdijether  on  the  numlMT  of  trunks  lian<llc<l.      In  Fiii,  21*^ 
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is  shown  the  wiring  of  a  circuit  trunk  between  two  series  switch- 
boards.  One  exchange  is  shown  at  B  and  the  other  at  A.  Tlie 
multiple  jacks  are  shown  at  1,  2,  3,  4,  and  5;  one  jack  within 
reach  of  each  operator.  The  trunk  jacks  are  placed  in  a  group 
separate  from  those  on  the  subscriber  lines,  and  are  called  f/)e  out- 
(joliuj  trunk  niultijplr.  In  general,  trunks  ustni  for  completing 
connections  from  an  exchange  13  to  another  exchange  A  are  called, 
with  reference  to  B,  outgoing  or  sending  trunks;  while  those  used 
for  completing  connections  from  another  exchange  are  called  in- 
lunuhnj  truulx.  Tlius  the  t/unk  shown  in  Fig.  212  with  reference 
to  B  18  an  outgoing  trunk,  and  with  reference  to  A,  an  incoming 
trunk.  The  ping  in  which  the  trunk  ends  at  the  incoming  ex- 
tremity is  shown  at  /'and  is  of  the  same  ty|>e  as  that  ust^i  on  the 
8ul>scriljer's  cord  circuit.    At^  and  y*  are  shown  the  secondary  and 
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primary  windings  of  the  trunk  operator's  induction  coil,  wliile  the 
liead  telephone  is  seen  at  t^  one  terminal  of  the  coil  being  grounded 
at  <j.  For  the  opposite  terminal  of  the  receiver,  runs  a  single  con- 
ductor cord  which  terminates  in  a  plug  i.  The  order  wire  is  a 
grounded  circuit  running  from  the  trunk  operator's  head  receiver 
to  one  of  the  outer  springs  on  each  one  of  the  order  wire  keys  K, 
K',  K",  etc.  The  other  outside  spring  of  these  keys  is  grounded ; 
the  two  inner  springs  of  each  key  are  wired  to  the  subscriber  oper- 
ator's telephone  circuit  as  shown  in  Fig.  203,  and  at  a,  i,  c,  etc.,  in 
Fig.  212.     The  order  wire  is  thus  a  grounded  circuit. 

It  should  be  observed  at  the  outset  that  the  trunk  operator 
cannot  communicate  to  the  subscriber  operator,  unless  the  latter 
has  his  key  depressed.  Suppose  a  call  comes  in  at  the  exchangt; 
B  for  a  party  whose  line  terminates  at  A,  and  that  it  is  answered 
by  the  operator  stationed  at  the  Jack  5,  This  operator  after  learn- 
ing the  subscriber's  wish  depresses  the  order  key  K^^  and  trans- 
mits the  call  to  the  trunk  operator  at  A.  Before  the  latter  puts 
up  the  connection,  she  must  ascertain  whether  or  not  the  sub- 
scriber line  called  for  is  busy.  To  do  so  she  touches  the  ring  of  his 
multiple  jack  with  the  tip  of  the  single  plug  i.  As  she  does  this 
she  calls  back  to  the  subscriber  operator  at  B  the  number  of  the 
trunk  that  she  is  going  to  use,  the  latter  operator  waiting  with  the 
key  depressed  for  the  receipt  of  this  information. 

Assuming  that  the  line  called  for  is  not  busy,  the  trunk  oper- 
ator  plugs  into  it,  and  the  subscriber  operator  at  B  rings.  As  has 
already  been  stated,  the  trunk  operator  is  altogether  unable  to  listen 
in  on  the  connection,  and  must  depend  on  the  order  coming  over 
the  order  circuit  as  to  when  the  trunk  shall  be  cleared.  The  con- 
versation being  completed,  and  the  ring-off  being  received  by  the 
subscriber  operator,  she  again  goes  in  on  the  order  circuit  and 
directs  the  trunk  operator  to  clear  the  trunk. 

"While  this  method  seems  very  simple,  and  while  it  seems 
that  the  trunk  operator  should  be  just  as  diligent  in  clearing  con- 
nections as  she  is  putting  them  up,  such  is  n6t  the  case.  It  must 
be  remembered  that  at  the  instant  when  the  subscriber  operator 
comes  in  to  order  down  a  connection,  another  may  come  in  to 
order  one  up.  In  fact,  two  or  more  operators  may  order  up  con- 
nections at  the  same  instant.     In  such  a  case,  the  trunk  operator 
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will  always  |)ay  more  attention  to  orders  to  make  connections  than 
to  those  to  clear.  So  that  the  trunk  operator  often  |)Ut8  off  clearing  a 
connection  until  she  has  forgotten  about  it.  In  the  meantime,  the 
Hubscriljer  operator  at  B,  has  cleared  that  end  of  the  connection  so 
that  the  calle<l-for  sub8cril)er  is  left  connected  to  the  trunk  without 
any  means  of  sicrnaling  either  one  of  the  exchanges. 

*  Tliis  condition  has  two  results:  Firsts  the  called  subscriber 
cannot  signal  the  exchange  to  get  a  connection,  and,  second^  no- 
bofly  can  call  him  l»ecau8e  the  trunk  plug  being  in  his  jack,  his 
lim*  will  be  report«*<l  busy.  All  this  necessitates  a  second  request 
from  the  8ub8cril>er  0|)erator  to  clear  the  trunk,  which  multiplies 
tlje  work  done  over  the  order  wire,  which  tends  to  confuse  the  trunk 
oj)erator  and  delay  her  work. 

It  was  found  also  that  a  grounded  order  wire  was  liable  to 
l>ecome  noisy,  causing  the  transmission  to  become  jxwr,  and  neces- 
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Fig.  213. 

sitating  the  repetition  of  orders  over  it,  to  the  further  detriment  of 
the  service.  Two  changes  were  made  in  the  wiring,  which  are 
shown  in  Fig.  218.  The  first  was  to  use  a  metallic  order  circuit 
as  shown,  the  busy  test  being  obtained  for  the  trunk  operator 
through  her  split  receiver  to  ground  at  «/.  The  second  change  con- 
sisted of  wiring  a  drop  a  to  the  trunk  at  the  outgoing  end.  This 
was  called  the  safety  drojj,  and  its  use  was  calculated  to  prevent 
the  called  subscriber  from  being  ''hung  up"  on  the  trunk,  by 
affording  him  a  means  of  signaling  in.  This  drop  was  wired  in 
the  usual  manner,  so  that  when  the  outgoing  end  of  the  trunk  was 
taken  up  it  was  cut  off. 

The  method  of  the  o{>eration  was  as  follows:  The  subscribers 
having  rung  off  and  the  connection  having  l)een  cleared  at  the  out- 
going office,  if  the  trunk  operator  fails  to  clear  the  connection,  the 
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called  subscriber,  upon  ringing,  will  throw  the  safety  drop,  thereby 
attracting  an  operator's  attention.  This  operator  will  plug  into 
the  trunk  jack,  learn  the  subscriber's  wish,  and  going  in  on  the 
order  circuit  again,  order  the  trunk  o|)erator  to  clear  the  connection. 
While  the  scheme  prevented  the  called  subscriber  from  being 
indefinitely  hung  up,  it  did  not  reduce  the  work  over  the  order  cir- 
cuit, nor  help  out  the  trunk  operator.  To  this  latter  end,  a  jM'ac- 
lice  was  introduced  about  this  time  called  trxf'tng  (hunt.  It 
Morked  as  follows:  Inspection  of  the  ojierator  cord  circuit  shown 
in  Fig.  207  reveals  the  fact  that  there  is  a  battery  on  the  shank  of 
both  plugs.  Kow  when  one  of  these  J)lug8  is  placed  into  the  trunk 
jack,  this  battery  being  thrown  on  the  ring,  current  flows  along  one 
side  of  the  trunk  to  the  shank  of  the  plug  at  the  other  office. 
Therefore,  if  the  trunk  oj)erator  touches  the  shank  of  the  plug  with 
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Fig.  214. 

the  test  plug  ',  a  click  will  be  heard  in  her  receiver,  due  to  this 
current  flowing  to  ground  through  the  split  receiver.  This  "  test " 
will  1x5  heard  so  long  as  the  subscriber  operator  has  a  plug  in  the 
trunk  jack.  Upon  her  clearing  the  connection,  however,  the  cur- 
rent will  be  received  and  the  test  will  disappear. 

To  facilitate  the  clearing  of  trunk  connections,  the  trunk 
oj)erator  was  required  to  touch,  from  time  to  time,  the  shanks  of 
the  trunk  plugs  upon  connections,  with  the  test  plug,  nnd  to  clear 
all   that  did  not  give  the  test.     It  being  assumed   that  if  the  sub- 
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scriber  o|»eratur  had  reiiiovtHl  ht^r  |>lug,  that  the  eoiivt«r8atiuii  was 
completed.  While  this  scheme,  together  with  the  safety  drop, 
rnluced  the  chances  of  a  8ub8cril>er  l>eing  hung  uj),  and  therefore 
increased  the  etiiciency  of  the  trunks,  it  did  not  lessen  the  work  of 
the  trunk  ojjerator.  In  fact,  it  increased  it,  as  she  was  com{)elled 
to  be  continually,  when  not  otherwise  occupied,  reaching  over  the 
face  of  the  board  to  test  the  trunk  plugs.  To  overcome  this  diffi- 
culty, ttxt  huttnuH  were  introduced.  These  consistetl  of  brass  but- 
tons about  the  size  of  a  copper  cent,  placed  on  the  ping  shelf,  each 
onedirectly  in  front  of  the  plug  to  which  it  is  wirtnl.  One  of  these 
is  shown  at  »/,  Fig.  214.  To  test  down,  theofierator  nctnl  only  touch 
these  buttons,  which  savinl  her  the  time  and  trouble  of  reaching  all 
through  the  multiple,  wherever  the  plugs  hapfiened  to  be. 


ffnfnfnO 


l\|(7y   l.\|p)   l^p)  l^ip/ 


HHiliN 

Fig.  215. 

So  far,  the  condition  of  the  called-for  subscriber's  line  being 
busy  has  not  ])een  considereil.  With  the  circuits  heretofore  de- 
scrilKil,  if  this  condition  ()btaine<l,  the  trunk  o|>erator  would  have 
to  wait  till  the  subscrilnM*  ojx*rator  again  came  in  on  the  circuit 
liefore  she  could  be  informed  of  the  fact.  To  save  this  delay,  the 
hnxijJmrl:  was  devi8t*d.  It  consists  of  a  series  of  jacks  placed 
within  reach  of  all  trunk  oj)erators,  and  shown  at  1,  2,  8,  and  4. 
To  these  jacks  is  wired  a  small  alternating-current  machine  shown 
at  </,  giving  a  ])otential  of  75  volts  and  having  two  lamps  h  and  v 
in  series,'  to  reduce  the  current  to  the  proper  amount.  If  the 
trunk  o|)erator  tinds  the  line  called  for  to  be  busy,  she  plugs  the 
trunk  into  the  nearest  of  the  busy-back  jacks.  The  subscriber 
o])erator  plugging  into  the  trunks,  hears  the  hum  of  the  alternator, 
aiul  knowing  what  is  meant,  re|)orts  huHij  to  the  calling  subscrilier. 

In  order  to  test  the  subscrilier's  lines,  the  trunk  operator  lunl 
to  nuike  use  of  a  third  plug  ad  has  been  shown.     Now,  the  trunk 
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operator  is  often  busy  with  both  hands,  so  that  to  cany  a  test  plug 
WHS  a  source  of  great  inconvenience,  and  a  material  hindrance  to 
her  work.  To  overcome  this  defect,  the  trunks  were  so  wired  that 
the  testing  could  be  done  with  the  trunk  plug,  as  shown  in  Fig. 
215.  The  tip  side  of  the  trunk  plug  is  wired  to  the  middle  spring 
of  a  key  a.  The  same  side  of  the  trunk,  coming  from  the  other 
exchange,  is  connected  to  the  outer  spring  3  of  the  same  key,  and 
the  inner  contact  point  2,  to  the  operator's  induction  coil.  With 
the  key  in  the  position  shown,  the  test  can  be  obtained  through  the 
tip  of  the  ping-  When  the  plug  is  placed  in  the  jack,  the  key  is 
depressed,  cutting  off  the  circuit  through  the  operator's  receiver, 
and  closing  the  trunk  through  the  springs  1  and  8  of  the  key. 

This  circuit  represents  the  highest  development  of  trunkiiig 
between  series  switchboards. 
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Willi  the  introduction  of  the  bridging  board,  there  came  a 
necessary  change  in  the  wiring  of  the  trunks.  Fig.  2H)  shows  the 
earliest  form  of  trunk  used  with  this  system.  It  is  wired  at  the 
outgoing  end  in  the  same  manner  as  the  subscriber  line,  the  safety 
drop  b  taking  the  place  of  the  line  drop.  This  drop  is  slightly 
different  in  action  from  that  used  with  the  series  board.  Here, 
when  the  subscriber  operator  plugs  into  the  trunk,  current  is  sent 
through  the  restoring  coil  and  the  drop  is  sealed.  Upon  being 
cleared  at  the  sending  end,  however,  this  current  is  removed,  and 
the  drop  is  free  to  be  rung  down.     With  this  system,  since   no 
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battery  is  connected  to  the  shank  of  the  snbscriber  operator's  cord 
circuits,  the  scheme  of  testing  down  cannot  be  resorted  to.  It  will 
be  observed  that  a  ringing  key  «  is  wired  to  the  trunk  cord,  to 
enable   tlie  trunk   operator  to 


H'HN 


ring  the  called  subscriber. 

In  order  to  do  away  with 
the  ntfessity  of  ordering  th»« 
trunk  to  Ihi  cK'ured  over  the 
ortler  wire,  u|K)n  completion  of 
the  conversation,  a  scheme  was 
brought  out  in  connection  with 
this  form  of  trunk.  It  con- 
sisted of  a  diftconn^ct  signal, 
placed  at  the  incoming  end, 
and  so  wired  that  it  would  give 
notice  to  the  trunk  operator 
autonu^tically,  upon  the  con- 
nection lH»ing  taken  down  by 
the  subscrilnr  oj>erator. 

The  wiring  of  this  signal, 
as  first  introduced,  is  shown  in 
Fig.  217.  Here,  the  springs 
on  the  op|)o»ite  side  of  the  test- 
ing key  are  used.  Tlie  outer, 
No.  2,  is  wired  to  one  side  of 
the  trunk,  while  the  middle 
one.  No,  1,  is  wired  to  one  ter- 
minal of  the  coil  of  a  relay, 
shown  at  //,  the  other  terminal 
being  j)ermanently  connectetl 
to  the  opposite  side  of  the  line. 
This  relay  consists  of  an  elec- 
trtunagnet  of  high  im|)edance, 
with  a  pivoted  armature  <•, 
which,  when  the  relay  is  ener- 

gized,  is  drawn  up  against  a  contact  point  d.  Since  this  relay  is 
|»ennanently  l>ri<lge<|  across  the  trunk,  and  since  several  an»  likely 
to  l)e  mouMtinl  together,  each  one  is  encasHxi  in  an  iron  shell  to 
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prevent  cross  talk.  Wired  to  the  armature  of  this  relay  is  a  bat- 
tery, and  to  the  contact  point  is  connected  a  sinall  lanlj)  />»,  the  other 
terminal  of  which  is  grounded.  At  the  outgoing  end  is  another 
relay  ^',  which  is  similar  in  construction  to  the  restoring  end  of  a 
bridging  drop.  The  armature  y,  to  which  is  connected  one  ter- 
minal of  a  small  20- volt  direct-current  generator  //,  rests  normally 
against  the  contact  point  g,  which  is  permanently  connected  to  one 
side  of  the  line. 

The  method  of  using  this  trunk  is  as  follows:  AVhen  the 
trunk  operator  ])lug8  into  the  subscriber  jack,  and  adjusts  the  key 
to  cut  off  the  test,  the  relay  d  is  bridged  across  the  line  through 
the  springs  1  and  2.  The  current  from  the  direct-current  machine 
h  flows  out  over  the  trunk,  through  the  armature /"and  the  con- 
tact g,  and  energizes  the  relay  a.  Its  armature  c,  being  drawn  up 
against  the  contact  d,  closes  the  battery  circuit  through  the  lamp, 
with  the  result  that  it  is  illuminated. 

Upon  the  subscriber  operator  plugging  into  the  trunk  jack, 
current  is  sent  through  the  relay  e  and  as  a  result  the  armature  is 
drawn  away  from  the  contact  r/,  cutting  off  the  current  from  the 
machine  //.  This  current  failing,  a  ceases  to  be  energized,  its 
armature  c  falls  away  from  the  contact  <7,  and  the  lamp  h  is  ex- 
tinguished. At  the  completion  of  the  conversation,  the  subscriber 
o|)erator  removes  the  plug  from  the  trunk  jack,  with  the  result 
that  current  is  cut  off  from  the  relay  e,  whose  armature  therefore 
falls  against  g^  thereby  again  cutting  the  current  from  h  on  the 
trunk.  The  relay  «,  therefore,  again  becomes  energized,  the  lamp 
circuit  closed,  and  the  lamp  lighted.  The  trunk  operator,  upon 
seeing  the  illumination,  instantly  clears  the  trunk  without  waiting 
for  further  orders. 

This  device  is  by  far  the  most  useful  ever  invented  for  expe- 
diting the  work  of  the  trunk  operator.  By  doing  away  with  the 
necessity  of  ordering  down  connections,  half  the  business  was 
removed  from  the  order  wires,  so  that  orders  for  connections  could 
he  transmitted  with  much  greater  dispatch  and  clearness,  and  the 
trunk  ojMMators  having  only  orders  to  establish  connections  trans- 
milted  to  them  could  listen  with  undivided  attention,  and  therefore 
do  better  work. 
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One  more  change  was  necessary  to  bring  the  trunk  up  to  |>er- 
fection,  as  far  as  it  could  be  obtained  with  the  bridging-board 
systtMu,  and  that  was  to  save  the  trunk  oj)erat()r  the  time  taken  to 
adjust  the  testing  kt*y.  This  was  acconiplisht'd  by  placing  a  relay 
on  the  trunk,  the  contacts  of  which  would  do  autoiiiaticAlly  what 
those  of  the  manual  key  did.  Tlie  wiring  of  this  trunk  is  shown 
in  Fig.  218.  Tlie  manual  key  is  replaced  by  a  relay  "  which  is 
y\\rvd  to  the  brass  ring  of  the  trunk  plug  so  that  M-hen  it  is  pushed 
into  the  jack  on  the  subscriljer  line,  the  current  use<l  for  the  busy 
lest  also  flows  through  the  coil  of  the  relay,  c^iusing  it  to  be  ener- 
gizeil.  The  armature  of  this  relay  actuates  two  springs  //  and  /•. 
to  which  it  is  rigidily  uttaclifd.  The  armalun^  is  insniatcd  from 
the  two  springs,  and  the  two  springs  are  insulatt*d   from  mu*  an- 
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other.  The  relay  is  equipjHHl  with  two  inner  contact  points,  2  and 
3,  and  two  outer  ones,  1  and  4,  so  that  in  action  it  is  identical  with 
the  manual  key.  The  circuit  passing  through  the  o|)erator's  receiver 
to  give  her  thti  busy  test,  is  wired  to  contact  1,  and  the  tip  of  the 
trunk  plug,  to  the  spring  r.  One  terminal  of  the  coil  of  the  relay 
actuating  the  signal  lamp,  is  connected  to  contact  3.  The. spring /> 
is  wired  to  the  opjwsite  side  of  the  trunk  and  contact  4  is  spare. 

The  other  terminal  of  relay  //  is  wired  to  the  trunk  at  .«. 
When  the  relay  n  is  energized,  the  springs  c  and  //  are  drawn  away 
from  the  contacts  1  and  4  respectively,  and  brought  up  against 
contaets  2  an<l  H. 

.\t  the  outgoing  en*l,  the  trunk  is  wired  in  the  same  manner 
as  that  previously  shown,  except  that  the  dirtH.'t-current  gi*nenilor 
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in  gives  a  potential  of  75  volts  instead  of  20,  and  two  lamps  ^>  and 
;/  are  used  for  reducing  the  current  to  the  amount  requisite  to 
operate  the  relay  ^7,  which  is  about  .08  ampere. 

It  was  found  more  convenient  to  use  a  higher  potential,  for 
by  using  lain])8  of  proper  resistance  the  system  could  be  made  to 
work  on  trunks  varying  greatly  in  length.  The  necessary  resist- 
ance of  the  lamps  will  depend  altogether  on  the  resistance  of  the 
trunk  on  which  they  are  used. 

The  operation  of  this  trunk  is  the  same  as  that  previously 
described.  When  the  trunk  plug  is  pushed  into  the  subscriber 
jack,  the  relay  a  is  energized  and  contacts  are  made  between  c  and 
2,  and  b  and  3,  so  that  the  tip  side  of  the  trunk  is  cut  through, 
and  the  relay  d  bridged  across.  Current  from  the  generator  //i 
energizes  </,  closing  the  lamp  circuit  and  lighting  the  lamp.  When 
the  subscriber  operator  plugs  into  the  trunk,  the  relay  at  that  end 
is  energized,  cutting  off  the  current  from  the  machine,  causing  d 
to  "  release",  thereby  putting  out  the  lamp.  Upon  the  subscriber 
operator  clearing  out,  current  from  the  machine  ni  is  again  cut  in, 
d  is  again  energized,  lighting  the  lamp,  thus  signaling  the  oper- 
ator to  clear  out. 

AUXILIARY  APPARATUS. 

The  auxiliary  apparatus  used  in  a  telephone  exchange  can  be 
classed  under  two  headings.  First,  Power  Apparatus ;  second, 
Protection  Apparatus. 

Power  Apparatus.  There  aie  two  kinds  of  ]>ower  apparatus 
used:  Pynamos  or  Dynamotors,  and  Batteries.  Two  classes  of 
dynamos  are  used — direct  and  alternating.  The  first- named  type 
is  employed  to  charge  the  storage  batteries,  and  for  operating  the 
lamp  signal  on  the  trunks.  The  second  ty|)e  is  provided  to  furnish 
the  ringing  current  and  that  for  the  busy-back  jacks.  The  nature 
and  size  of  the  ringing-current  machine  dej)end  upon  the  size  of 
the  exchange  and  the  volume  of  business  handled.  In  small  ex- 
changes equipped  with  two  or  three  standard  boards,  and  in  which 
the  number  of  calls  handled  is  not  as  great  as  to  require  the  oiwr- 
ator  to  put  forth  her  utmost  efforts,  hand  generators,  similar  to 
those  used  in  telephone  instruments,  are  employed.  Thev  are 
placed  in  the  keyboard  with  the  handle  projecting  through  the 
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front  of  the  trongb,  one  being  provided  for  each  section.  AVhert* 
the  nnmber  of  sections  is  in  excess  of  three,  or  where  the  business 
is  heavy,  some  form  of  power  generator  must  he  installed.  Where 
water  |)Ower  is  availa])le,  the  usual  practice  is  to  use  a  water  motor 
I»elte4l  to  a  sinall  but  |)Owerful  magneto  generator;  if  there  is  no 
water  power,  a  small  elei'tric  niotor  is  use*!,  to  which  the  generator 
is  iK'lted. 

One  tyjHJ  of  luugneto  generator  is  ^lown  in  Fig.  2V.K  It  is 
of  the  same  general  make-up  as  that  used  in  the  subscrilier  tele- 
phone.   It  is  larger  and  more  powerful,  and  differs  in  a  few  details: 

Tt  conslHtH  of  five  i>erinaneiit  inajjnetH  lM)lte<l  to  two  i)oIe  pleceH.  One 
terminal  of  tlie  armature  (*oiI  in  counef-ted  to  an  inHiilate*!  collar  «  on  tlie 
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shaft,  the  otlier  1«  t«nueote«l  t«>  the  shaft.  There  are  two  copper  Imishett, 
one  hearH  on  .<«  and  tlie  other  «)n  tite  shaft,  from  the  two  terminals  a  and  h. 
'I'wo  oil  cups  v-  an»l  d  are  pn)N  ide«l  for  lul>rii-ating  the  l>earinv;s.  The  oppo- 
site end  of  the  shaft  i«  etiuijjpetl  with  a  pulley  e,  over  which  i.s  placeil  the 
iKfll.  The  tlat  jtulley  Ih  often  replace<l  with  a  j^hmin  ed  one,  for  tlie  ac<vm- 
nuNlation  of  a  cylindrical  helt.  Tlie  whole  machine  itt  mounte<i  on  a 
wooden  hase,  upon  which  are  p!aee<l  the  two  Hue  hlndiU)^  |>oflts  wi  ami  »%'. 
The  armature  of  thlH  type  of  the  machine  Ih  wound  to  give  a  ]K>teutial  of 
from  75  to  80  volts. 

In  Fig.  220  is  shown  a  very  compact  and  convenient  form  <»f 
water  motor  f»>r  use  in  small  exchanges.  Tt  consists  of  a  turbiiu' 
eucaseil  in  an  iron  cluimlK-r  >t.  To  the  shaft  is  attachtnl  a  pulley/', 
the  whole  Iteing  supjK)rted  on  a  stand  r,  through  the  center  uf 
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which  passes  the  discharge  jji|)e  r.  The  supply  pipe  is  shown  at 
(L  This  supply  pipe  terminates  inside  of  the  motor  in  a  nozzle 
about  -jV  Jncli  in  diameter,  through  which  the  water  is  forced,  to 
impinge  against  the  buckets  of  the  wheel. 

The  discharge  pipe  should  have  a  diameter  of  about  1^  inches 
and  should  run  straight  for  a  distance  of  20  feet  from  the  motor. 
This  type  of  machine  can  be  used  successfully  in  localities  where 
the  water  pressure  is  at  least  40  pounds  per  square  inch.  It  runs 
noiselessly  and  requires  very  little  attention. 


Fig.  221. 

In  Fig.  221  is  shown  one  of  the  most  approved  types  of  in- 
duction motors  used  for  operating  magneto  generators.  The  motor 
is  shown  at  h.  It  is  of  the  usual  type  of  induction  motor  made  to 
operate  on  single-phase  alternating  circuits.  It  is  made  self -start- 
ing by  dividing  the  stator  winding  into  two  halves,  one  of  which 
has  a  choke  coil  in  series  with  it,  and  the  other  a  non-inductive 
resistance.  A  push  button  3  mounted  on  top  of  the  case,  serves 
to  make  the  necessary  connections  when  starting,  by  simply  depress- 
ing it.     The  terminals  are  shown  at  1  and  2. 

The  magneto  generator  is  shown  at  a  and  is  mounted,  together 
with  the  motor,  on  the  same  wooden  base  e.  This  unit  gives  very 
good  results  and  is  used  very  extensively. 

Even  when  some  form  of  power  generator  is  used  in  smaller 
exchanges,  hand  generators  are  supplied  to  be  used  in  the  case  of 
the  failure  of  the  former.     In  larger  exchanges,  motor  generators 
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are  used,  and  the  motor  end  is  wound  for  direct  or  alternating  cur- 
rent as  the  case  may  require.  In  Fig.  222  is  shown  a  motor  gen- 
erator used  for  charging  storage  batteries.  It  is  built  by  the 
CnH'ker-Wheeler  Co.  and  is  self -con  tuined  and  very  compact.  The 
motor  end  (which  in   this  case  is  direct  current)  is  shown    in   the 
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foreground,  and  the  dynamo  end,  in  the  Imckground.  The  baa** 
of  the  machine  forms  the  yoke,  upon  which  are  mountetl  the  Held 
coils.  The  |)ole  pieces  are  at  the  top,  one  lieing  shown  at  A.  The 
stArter  is  shown  mounted  on  the  side  of  the  pole  piece,  and  is  con- 
trolled by  the  handle  II,  which  actuates  a  contact  moving  between 
four  upright  clijtt*.  The  motor  side  is  wound  to  the|x>tential  of  the 
mains  on  which  it  is  to  o|)erate,  and  the  dynamo  sid<>  delivers  current 
at  a|)(itcntial  slightly  in  excess  of  that  of  the  Imltery  it. is  to  charge. 
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One  very  important  point  about  a  charging  dynamo  is  that  it 
should  have  an  automatic  cut-out,  which  ojjens  tlie  circuit,  when 
the  current  delivered  by  the  dynamo  falls  below  a  certain  fixed 
amount.  This  is  to  prevent  the  battery  from  discharging  through 
the  armature  should  the  motor  slow  down  or  stop  from  failure  of 
the  current  supply  in  the  mains.  A  very  ingenious  form  of  cut- 
out is  used  in  this  type  of  machine.  It  is  mounted  on  top  of  the 
pole  pieces.  The  front  pole  piece  A  is  hinged  so  as  to  swing  out, 
and  is  held  in  place  by  the  attractive  force  of  the  magnetic  field. 
A  spiral  "Spring  S  is  securely  fastened  to  the  back  pole  piece  and 
rests  against  a  block  on  the  front  one.  When  the  strength  of  the 
magnetic  field  is  of  the  proper  amount,  the  tension  of  this  spring 
is  overcome  and  the  pole  piece  held  in  place.  When  the  field  is 
in  ])lace,  two  brass  clips  h  and  h'  close  the  circuit  to  the  battery, 
which  is  carried  by  the  leads  a  a  through  the  back  brass  block  <-. 
Should  the  field  weaken  sufficiently,  so  that  the  dynamo  is  unable 
to  develop  a  potential  sufliciently  high  to  feed  the  batteries,  the 
tension  of  the  spring  M'ill  then  overcome  the  attractive  force,  A 
will  be  swung  forward,  and  the  circuit  to  the  battery  through  the 
clips  l)roken. 

liinging-current  machines  are  built  according  to  the  design 
shown,  only  there  is  no  automatic  cut-out  present,  and  the  dynamo 
side  is  wound  for  alternating  current  at  a  potential  of  75  volts. 
The  two  commutators  are  shown  at  C  and  C. 

Batteries.  Two  types  of  batteries  are  used  in  telephone 
exchange  work:  Primary  and  Secondary  or  Storage.  The  choice 
between  the  two  depends  altogether  upon  the  amount  of  current 
needed,  the  cost  of  charging,  and  the  cost  of  the  electrolyte  and 
elements  in  the  case  of  the  primary  cell.  In  general,  in  small 
exchanges,  consisting  of  three  sections  of  standard  board  or  less, 
primary  cells  are  used,  while  in  larger  exchanges,  storage  cells 
find  favor. 

Of  the  various  types  of  primary  batteries,  either  gravity  or 
Fuller  cells  are  used.  The  maintenance  of  the  former  type  is  less 
than  that  of  the  latter;  but,  on  the  other  hand,  the  cost  of  the 
former  is  greater  than  that  of  the  latter.  So  that  where  a  great 
number  of  cells  are  needed,  the  Fuller  batteries  are  used,  and 
when  a  small  number  are  required  the  gravity  cell  comes  into 
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play.  Three  gravity  cells  in  series  are  placed  on  eacli  operator's 
transmitter  circuit,  while  two  Fuller  cells  are  usually  deemed  suffi- 
cient. The  wire  UKetl  for  battery  leads  is  No.  14  1*.  &  8.  gauge 
Hoft-drawn  copj)er  with  rubber  insulation  protected  by  heavy 
braid.  The  conductors  of  a  pair  are  twisted  together,  so  that  a 
number  of  leads  may  be  sewed  up  together  in  cable  form  without 
producing  cross-talk. 

Mr.  J.  J.  (arty,  Chief  Engineer  of  the  New  York  Telephone 
Company,  conceived  the  idea  of  feeding  a  bank  of  transmitters 
from  one  storage  battery.     He  realized  that  on  account  of  the  ex- 


Fig.  223. 

ceedingly  low  internal  resistance  of  this  tyjH)  of  cell,  no  cross-talk 
would  be  produced  by  so  doing.  The  reason  was  as  follows:  After 
two  or  more  transmitters,  each  taking  normally  .20  am|)eres,  be 
connected  to  the  same  battery,  the  fluctuation  in  the  internal  fall 
of  {K>tential  due  to  the  fluctuations  in  the  current  furnisheil  to  one 
transmitter  upon  its  being  talked  into,  is  of  inflnitesimal  amount 
owing  to  the  very  low  internal  resistance,  so  that  the  other  trans- 
mitters are  furnished  with  a  steady  current.  This  condition  would 
l)e  impossible  with  any  form  of  primary  cell.  Two  cells  are  re- 
(piired  in  series,  and  the  number  of  elements  in  each  will  depend 
upon  the  number  of  transmitters  to  be  fed. 

Fig.  228  shows  the  method  of  connecting  up  the  batteries. 
The  mains  coming  from  the  charging  machine  {wss  through  two 
fuses  a  and  b,  and  thence  to  two  knife  switches  c  and  c.     Each  of 
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tlu'se  switches  is  e(Hii|)jK'(l  with  thive  pairs  of  contacts  1,  2,  H,  4, 
5,  and  (J.  Tlie  switch  is  pivoted  to  H  and  4.  The  chartring  leads 
are  wired  to  1  and  2,  and  the  battery  leads  to  3  and  4.  The  trans- 
mitter leads  are  connected  to  5  and  6. 

Tlio  switch  c  is  thrown  into  the  position  to  charge  the  battery 
(/\  the  current  passing  from  the  contacts  1  to  3,  and  2  to  4  through 
the  battery,  the  transmitter  leads  being  at  5  and  6.  The  switch  c 
is  thrown  into  the  position  to  discharge  the  battery  (/  into  the  trans- 
mitters, the  current  passing  through  the  contacts  3  and  4  to  5  and 
()  and  thence  to  the  transmitter  bus-bars  (j  and  (/'.     The  charging 

leads  are  open  at  1  and  2.  The  trans- 
mitter leads  are  fused  at  e  and  /*.  The 
bus-bars  are  made  of  copper  rods,  drilled 
and  tapped  for  machine  screws  to  hold 
the  fuses  for  the  various  transmitter 
circuits.  The  wooden  strips  //  and  //' 
are  placed  on  opposite  sides  of  the  bus- 
bars, equipped  with  binding  ])ost8  for 
the  accommodation  of  the  fuses  and  the 
transmitter  wires,  the  latter  being  shown 
at  1,  2,  3,  4,  and  5. 

In  connecting  up  the  charging  leads, 
the  iitmost  precaution  must  be  taken  to 
properly  adjust  the  polarity,  so  that  the  positive  lead  of  the  charg- 
ing circuit  will  be  connected  to  the  positive  pole  of  the  battery. 
A  very  convenient  method  of  finding  the  positive  pole  of  the  charg- 
ing circuit  is  to  dip  the  two  terminals  in  a  jar  containing  water 
made  slightly  acid  or  water  into  which  bas  been  thrown  a  pinch 
of  salt.  This  point  is  illustrated  in  Fig.  224  at  a  and  b.  Upon 
so  doing,  bubbles  will  be  seen  to  rise  from  the  two  leads,  but  much 
faster  from  one  than  the  other.  The  one  from  which  they  rise  the 
faster  is  the  negative  lead.  This  experiment  is  rather  dangerous 
and  should  be  performed  with  great  care. 

Another  simple  method,  and  one  not  attended  with  so  much 
danger,  is  to  allow  current  to  flow  through  the  leads  while  an  ordi- 
nary compass  is  held  under  one  of  them.  The  point  to  remember 
is  that  when  a  current  flows  over  a  magnetic  needle  from  north  to 
south,  the  north  pole  of  the  needle  is  deflected  to  the  east. 


Fig.  224. 
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'I'lif  Hiu*ct*(«a  (tf  the  richeuie  of  feeding  u  bank  uf  traiiHiui Iters 
from  a  Htora^e  battery  rt^ts  on  the  fact  that  the  reBiHtance  of  the 
leads  to  the  I)U8-barH  must  \h}  as  small  as  ]K>sHibIe.  Therefore 
^reat  care  must  Ix^  taken  to  make  the  leads  as  short  as  possible, 
and  of  sufficiently  heavy  M'ire.  In  general,  it  might  t>e  said  that 
the  battery  shonld  have  a  capacity  of  50  amjieres  for  small  ex- 
changes, and  the  total  resistance,  including  the  battery  to  the  bus- 
bars, should  not  1x3  over  .fK)<)  ohm.  A  great  deal  of  troublesome 
cross-talk  has  been  caused  by  overlooking  this  fact,  in  exchanges 
that  are  otherwise  instsillKl  with  the  utmost  care;  and  unless  one 
is  familiar  with  this  point,  such  cross-talk  is  very  ditticult  to  locate. 

Protection  Apparatus.  This  subject  has  already  been  touched 
(Ml  in  connection  M-ith  the  main  distributing  board.  It  will  now 
Ik-  ne<*es8arv  to  go  into  it  a  little  more  in  detail  in  connectioti  with 
jMiwer   wiring.      Uefen-iiee   to   Fig.   '.I'iH   will    sluiw    that    fuses  are 
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placed  in  the  charging  circuit,  and  in  the  di.sfharge  circuit  to  the 
bus-bars,  and  on  each  individual  transmitter  leatl.  The  l>est  plan 
to  follow  in  exchange  wiring  is  to  place  the  necessary  knife 
switches,  fuses,  bus-bars,  etc.,  on  a  slate  power  switchl)oard,  upon 
which  are  mounted  also  an  ammeter  in  the  charging  circuit,  a 
voltmeter  on  the  same  circuit,  and  also  one  to  measure  tl»e  jM)ten- 
tial  of  the  battery.  In  Fig.  225  is  shown  the  style  of  fuses  used 
on  the  chartrintj  and  discharijintj  mains.  It  consists  of  a  strap  of 
fuse  metal  c  attached  at  either  end  to  two  copper  lugs  «(  and  />. 
Tliese  cop|)er  lugs  are  slotted  to  tit  over  studs,  and  are  held  in 
place  by  nuts.  The  fuse  metal  is  made  of  the  reijuisite  size  to 
carry  the  current  re<piireil.  Tlie  type  of  fuse  used  on  the  leads  to 
the  transmitter  bus-bars  is  shown  in  Fig.  226,  and  consists  of  a 
hollow  cylindrical  fiber  tube  a  fastened  to  two  German-silver  slips 
//  and  ('.  bv  two  brass  screws  />>  and  c.  Throuch  the  center  of  the 
tuln*  runs  the  fuse  which  is  soldered  at  each  end  to  the  brass  col- 
lars in  n.  The  lugs  are  fastened  to  the  jx>wer  lK)ard  bv  nieans  of 
the  screws  m  s'. 
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Switchboard  Construction.  Fig.  227  abowa  the  rear  view 
of  the  multiple  awitchboard,  in  which  will  be  seen  the  con- 
struction of  the  framework  and  the  placing  of  the  cable  and  the 
wiring.  At  A  and  B  are  shown  the  multiple  cables  for  the  sub- 
8fril)er8'  linea  and  the  outgoing  trunka.  It  will  be  seen  that  they 
rest  upon  a  ahelf  running  along  the  length  of  the  board.  The  five 
bottom  rows  are  for  the  outgoing  trunks,  and  the  remainder  are 
for  the  subscriber  lines.  Running  in  a  trough  at  C,  are  seen  the 
answering  jack  cablea  which  turn  up  at  their  respective  sectiona; 
they  are  formed  out  and  take  the  answering  jacks  at  D,  D',  and  D". 
Just  below  these  forms  is  seen  the  wiring  of  the  operator's  circuits. 

It  should  be  noticed  that  these  switchboards  are  built  in  sec- 
tions, each  accommodating  3  operators.     This  is  the  usual  con- 


Fig.  226. 

struction.  Every  multiple  jack  is  within  reach  of  every  operator; 
the  operator  sitting  in  the  center  position,  can  reach  everything 
on  her  own  section,  while  the  operators  occupying  the  end  posi- 
tions, can  reach  on  the  adjacent  sections  everything  that  is  inac- 
cessible on  their  own. 

COMMON  BATTERY  SYSTEM. 

The  desire  to  centralize  power  has  permeated  even  the  tele- 
phone practice,  and  within  the  past  five  or  aix  years  various  sys- 
tems have  been  introduced  with  this  end  in  view.  It  was  supposed 
that  if  the  batteries  could  be  removed  from  the  subscriber  tele- 
phones, the  cost  of  their  maintenance  would  be  entirely  wiped  out. 
If  the  batteries  were  all  concentrated  in  the  exchange,  and  the  cur- 
rent fed  out  over  the  line  during  conversation,  they  could  be 
maintained  in  better  shape  and  at  a  lower  cost  than  when  scattered 
about  the  district  at  each  subscriber  station.  Again,  the  current 
may  be  used  for  automatic  signals  which  would  accelerate  the 
service.  These  considerations  led  to  the  development  of  the  so- 
called  common  haitery^  or  central  energy  systems  that  have  come 
rapidly  to  the  front  in  the  past  three  years. 
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The  earlieHt  and  siiuplettt  method  for  iiiiiiig  a  coiiiiiion  bat- 
tery is  shown  in  Fig.  228.  In  thia  case,  the  receiver  and  trans- 
mitter of  lK)th  8iib8cril>er  instruments  are  connected  in  series  with 
the  battery  a  in  the  middle,  (iroutidtnl  circuits  are  used.  This 
method  of  connecting  up  telephones  is  known  as  direct  tranJtm'uf- 
Htoii  and  oj»erate8  as  follows:  Ix't  the  rit^ht-hand  telephone  be  used 
for  transmitting  and  the  left-hand  one  for  receiving.  The  trans- 
mitter /'  upon  UMng  spoken  into  will  cause  a  variable  current  to 
tlow  over  the  line,  and   this  |)assing  through  the  receiver  h  will 
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reproduce  the  sound  in  the  u.sual  manner.     Transmission  is  car* 
ried  on  in  the  opjjosite  direction  in  the  same  manner. 

Ab  has  already  been  pointed  out,  this  direct  transmission  is 
not  sensitive,  because  the  resistance  of  the  line  forms  too  great  a 
ratio  to  that  of  the  transmitter.  For  short  lines  it  does  very  well, 
but  for  general  ust^  it  does  not  give  gootl  results.  The  operator'.** 
cord  circuits  have  each  an  independent  battery  so  that  croes-talk 
may  not  reealt. 
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The  Stone  System.  Probably  the  iirst  system  devised 
whereby  one  common  battery  was  made  to  feed  all  the  cord  circuits 
was  that  devised  by  Stone.  The  plan  of  wiring  is  shown  in  Fig. 
229  where  a  and  h  represent  the  receiver  and  transmitter  at  one 
station,  and  <•  and  d  those  at  the  other.  The  battery  (j  is  connected 
across  the  line  through  the  retardation  coils  f  and  y.     A  metallic 
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circuit  is  used  throughout.  The  action  of  this  system  is  as  follows: 
Current  Hows  from  the  positive  pole  of  the  battery  //  through 
the  retardation  coil  <;  to  the  point  o  where  it  splits,  one  portion 
going  through  the  r»'ceiver  d  and  transmitter  h  back  to  o' \  t' 
other  portion  flowing  from  n  through  the  receiver  <■  and  the  tran. 
iiiitter  <1  goes  back  to  o' .  This  current  divides  itself  in  j>ro|)ortion 
to  the  resistance  of  the  two  circuits.  The  retardation  coils  /  and/' 
arn  wound  with  com|)aratively  heavy  wire,  so  that  while  the  ohmic 
resistance  is  low  the  impedance  is  very  high.     Asa  result  thev 


offer  vejy  little  n^sistance  to  the  flow  of  the  dnect  current  of  tlic 
l)attery,  but  entirely  choke  out  the  rapidly  varying  current  pro- 
duced by  talking. 

Since  the  current  in  the  two  branches  divides  itself  in  the  in- 
verse ratio  of  the  resistance  of  the  two  circuits,  the  flow  of  cur- 
rent through  the  retardation  coils  is  practically  constant.  Tlie 
talking  current  flows  around  the  circuit  through  the  two  receivers 
:ind  transmitters.  On  short  lines  this  system  works  well,  giving 
belter  results  than  the  one  previously  described. 
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It  has  been  said  that  this  system  renders  it  possible  to  use  one 
coniinon  battery  for  all  the  cord  circuits,  and  that  with  the  use  of 
the  retardation  coils  cross-talk  is  done  away  with.  The  method  in 
which  this  is  accomplished  is  shown  in  Fig.  230,  in  which  two  con- 
nections each  between  two  sub8cril>er  lines  are  shown.  At  a  and 
h  are  shown  the  two  retardation  coils  on  one  pair  of  cord  circuits, 
and  at  c  and  d  those  on  the  other.  To  illustnite  this  action,  lt*t  us 
suppose  that  conversation  is  Ijeing  carried  on  over  the  other  con- 
nection. As  the  transmitters  are  talked  into,  a  variable  current 
flows  out  from  the  battery  over  the  circuit.  It  might  seem  at  first 
sight  that  this  current  ujkiu   reaching  the  ])oints  1   and  2  would 


Fig.  23U. 

divide,  jmrt  flowing  through  the  lower  connection.  This  is  pre- 
vente*l  by  the  rftnrdation  coils  in  the  followini'  manner: 

First,  it  has  l>een  shown  that  the  variable  talkiutr  current  is 
nearly  all  confined  to  the  circuits  joining  the  two  8ubscril>er  tele- 
phones, and  that  the  current  flow  through  the  retardation  coils  is 
nearly  obstructed.  AMiatever  variable  current  dt)e3  jwiss  through 
these  two  coils  would,  upon  re^iching  the  {Mjints  1  and  2,  have  two 
{mths,  the  one  through  the  retardation  coils  c  and  d^  and  the  other 
through  the  battery.  Tlie  first  possesses  high  induction,  the  sec- 
cond  almost  none,  so  that  this  variable  current  would  all  flow 
through  the  battery,  thus  preventing  cross-talk. 

Hayes  System.  A  modification  of  this  system,  gotten  out 
by  Air.  Hammond  V.  ITayes,  is  shown  in  Fig.  281.  Here  the 
retardation  coils  of  the  Stone  system  are  replaced  by  a  rej>eating 
coil  having  four  windings  u^  h^  f,  and  d.     Supj)o.se  that  station 
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No.  1  18  traiiBinitting  to  station  !No.  2,  a  variable  current  will  lie 
set  up  through  this  station  which  will  pass  through  the  windings 
a  and  o  of  the  repeating  coil.  In  consequence,  an  alternating  cur- 
rent will  be  induced  in  the  windings  h  and  d  of  the  coil,  which 
will  How  through  station  No.  2,  reproducing  the  sound. 

Should  station  2  wish  to  transmit  to  station  1  by  talking  into 
the  transmitter  a  variable  current  is  set  up  through  the  windings 
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Fig.  231. 

J  and  (I  of  the  repeating  coil,  with  the  result  that  induced  currents 
are  set  up  in  the  windings  a  and  <?,  which  reproduce  the  sound  at 
the  other  end.  The  repeating  coil  thus  acts  as  an  induction  coil. 
"When  station  1  transmits  to  station  2,  the  windings  <i  and  c  are 
the  y)rimary,  and  h  and  d  the  secondary.  AVhen  transmission  is 
carried  on  the  other  way  the  reverse  is  the  case. 
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Fig.  232. 


With  this  system,  as  with  the  one  previously  described,  a 
common  battery  is  used  on  all  the  cord  circuits,  and  cross-talk  is 
kept  out  in  much  the  same  manner.  This  point  will  be  illustrated 
by  reference   to  Fig.   232,   in   which  two  connections  are  again 
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shown.  If  conversation  is  being  carried  on  over  the  npper  connec- 
tion, the  variable  current,  tlirough  what  hap{)en8  to  l>e  the  primary 
winding,  and  the  induced  current,  through  M-hat  happens  to  be  the 
secondary  winding,  ujn^n  reaclung  the  points  1  and  2,  have  a  choice 
of  two  paths,  one  through  the  batter}'  and  the  other  through  the 
retardation  coils  in  the  loM'er  circuit.  The  batterj',  however,  hav- 
ing practically  no  self-induction,  prevents  any  of  this  current  from 
reaching  the  lower  circuit  and  prtKlueing  crosstalk.  Tliis  system 
gave  U'tter  results  than  that  irivente<l  by  Stone,  l)ecause  the  cur- 
rent from  the  Iwtterv  is  used  onlv  to  feed  the  transmitter,  the 
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Fig.  233. 

repeating  coil  in  the  exchange  acting  like  an  induction  coil.     In 
other  wonls,  it  is  one  step  removed  from  direct  transmission. 

The  next  step  in  the  development  of  this  system  was  to  place 
an  induction  coil  in  each  of  the  subscriber  telephones,  and  to  this 
end  the  Dean  system  was  introduced.  The  plan  of  wiring  is 
shown  in  Fig.  233.  A  grounded  battery  a  is  connected  to  the 
center  ]>oint  of  a  retardation  coil  b  which  is  bridge*]  across  the 
line.  A  second  retardation  coil  r  is  placed  at  each  subscriber  sta- 
tion and  from  its  center  a  connection  is  made  to  point  No.  1  in 
the  transmitter  circuit  of  the  telephone.  Point  No.  2  at  the  op{)o- 
site  side  of  this  circuit  is  grounde<l.  Tlie  current  from  the  batter)', 
upon  reaching  the  middle  point  of  the  retardation  coil  i,  splits, 
one  half  following  one  side  of  the  lino  and  theother  half  following 
the  other  side.  Upon  reaching  the  subscriber  station,  these  two 
halves  flow  through  the  retardation  eoil  r,  uniting  at  the  middle 
TK)int  and  flowing  to  iK)int  No.  1.      Here  the  current  again  divides, 
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one  lialf  f^oing  tbrougli  tlie  primary  winding  of  an  induction  coil, 
and  the  other  half  passing  throiigii  the  transmitter.  They  again 
unite  at  2  and  flow  to  ground. 

It  should  be  observed  that  the  arrangement  of  the  transmitter 
circuit  is  somewhat  different  from  anything  yet  shown.  Instead 
of  the  current  flowing  through  the  primary  coil  and  transmitter  in 
series,  the  one  is  shunted  onto  the  other,  which  gives  a  more  sen- 
sitive arrangement.  The  transmitter  current  flowing  out  over  both 
sides  of  the  line  in  jjarallelhas  no  inductive  effect,  ])roviding  the 
resistances  of  the  two  sides  of  the  circuit  are  equal.     The  talking 

current,  induced  iu  the  secondary 
Cf  winding  of  the  induction  coil,  Hows 

-^JKJ      I  ^^y^>Y  the  line  in  the  usual  May,  and 

on  accoujit  of  tbe  high  self  induc- 
tion, does  not  pass  through  the  re- 
tardation coils.  As  far  as  trans- 
mission is  concerned  this  is  a  better 
arrangement  than  any  previously 
described. 

AUTOMATIC   SIGNALS. 

h\  addition  to  gaining  the  ad- 
vantages already  mentioned  iu  con- 
nection with  the  maintenance  of  the 
apparatus,  the  current  from  the 
common  battery  is  made  use  of  to 
operate  automatic  signals  so  that 
the  service  may  be  expedited  by 
Fig.  234.  their  greatsr  reliability  and  quick- 

ness of  action.  The  scheme  adopted 
for  working  this  automatic  signal,  is  to  provide  a  lamp  so  wired  to 
each  subscriber  line,  that  when  the  receiver  is  lifted  from  the  hook 
at  the  subscriber  station,  it  will  be  lighted. 

The  plan  first  adopted  was  to  equip  each  subscriber  telephone 
with  a  bell,  the  resistance  of  whose  coils  was  6,000  ohms  instead 
of  the  usual  1,000.  The  wiring  was  as  shown  in  Fig.  284  in  M'hicli 
ti  represents  the  bell  coils  having  a  resistance  of  (),000  ohms,  h  the 
receiver,  c  the  transmitter,  and  d  the  liook  switch.     One  side  of 
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the  line  runs  through  the  retardation  coil  h  to  the  common  battery 
y,  while  the  other  side  passes  through  the  lamp  /'and  the  contact 
point  1  o.f  the  jack  e.  The  battery  y  is  continually  on  the  line,  and 
current  tlows  coijstaiitly  through  the  Ix*!!  coils.  On  account  of 
their  high  resistance,  howtwer,  the  volume  of  the  current  tlow  is 
not  sutticient  to  illuminate  the  lamp. 

Upon  the  receiver  l)eing  removed  from  the  hook,  the  WW  coils 
are  shunted  by  the  circuit  throjigh  the  hook  switch,  transmitter, 
an<l  receiver,  and  the  current  tlow  is  tliereby  sutticiently  increas«*<l 
to  light  the  lamp.  As  far  as  the  o|)erator  is  concernetl.  this  lamp 
answers  the  purpose  of  the  drop,  and  UjK)n  st-eing  it  litrht,  she 
plugs  into  the  jack  to  answer.  When  the  plug  enters  tlw-  j.uk. 
the  contact  is  broken  U'tween  the  u[)|)er  jack  8j)ring 
and  |)oint  1,  cutting  off  the  portion  of  the  circuit  con- 
taining the  lamp  and  ])Utting  it  out. 

The  talking  battery  is  connected  to  the  operator's 
cord  circuits  iu  a  manner  to  be  described  later..  The 
retardation  coil  1i  is  used  for  preventing  cross- talk. 
It  must  be  remembered  that  the  battery  <f  is  common 
to  all  lines,  and  while  the  resistance  of  the  bell  coils 
of  one  subscriber  telephone  is  sufficiently  high  to  pre- 
vent an  appreciable  amount  of  current  from  flowing, 
yet  when  several  such  bells  are  bridged  to  this  battery, 
the  resistance  of  the  combined  circuit  is  very  njuch  l«*ss.  jiml  as  .i 
result,  a  large  leakage  from  the  battery  takes  place. 

For  example,  8upj)Ose  that  there  were  100  subscril)er  tele- 
iihones  bridtretl  to  one  battery  in  an  exchanjre,  which  ti«jure  is  very 
small.  If  each  bell  had  a  resistance  of  0,(KK)  ohms,  the  combined 
resistance  of  the  whole  bridge  would  be  CO  ohms,  which  would 
allow  of  a  very  serious  drain  on  the  cells.  To  overcome  this 
defect,  a  condenser  was  made  use  of,  and  the  wiring  of  the  telephone 
was  as  shown  in  Fig.  235,  in  which  n  again  represents  the  bell 
coils,  It  t]  e  receiver,  c  the  transmitter,  and  d  the  hook  switch.  At 
e  is  shown  a  condenser  which  is  cut  in  series  with  the  bell  coils. 
Tliis  condenser  presents  an  ojk'U  circuit  t«»  the  din*ct  current  from 
the  battery.  alth(Uigh  it  all«)ws  the  alternating  <'nn<Mit  riMin  ili  j 
ringing  machine  to  jkuss  through  readily. 
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With  this  style  of  wiring,  while  the  receiver  is  on  the  hook 
there  is  absolutely  no  current  passing  through  the  telephone,  so 
that  there  is  no  drain  upon  the  battery. 

The  telephone  wiring  shown  thus  far,  included  no  induction 
coil.  A  further  step  was  necessary  to  provide  for  this  piece  of 
apparatus.  When  this  was  done,  the  instrument  was  brought  to 
its  present  condition.  The  plan  of  the  wiring  of  the  fully- developed 
common  battery  telephone  is  shown  in  Fig.  236.  As  in  the  other 
form,  the  bell  r/,  wound  to  the  usual  resistance  of  1,000  ohms,  is 
bridged  across  the  line  in  series  with  the  condenser  g  whose  capacity 
is  2  M.F.  Connected  to  the  No.  1  side  of  the  line 
is  one  terminal  of  the  primary  winding  e  of  the  in- 
duction coil,  while  the  other  terminal  of  this  coil  is 
connected  to  the  contact  point.  The  transmitter  c 
is  connected  to  the  hook  switch  and  to  the  No.  2 
side  of  the  line.  The  secondary  winding  d  of  the 
induction  coil  has  one  terminal  connected  to  the 
contact  point  and  the  other  to  one  terminal  of  the 
receiver  h.  The  other  terminal  of  the  receiver  is 
connected  between  the  bell  a  and  the  condenser  </. 
The  action  of  this  telephone  is  as  follows:  The 
receiver  being  on  the  hook  switch,  the  line  is  open 
through  the  condenser  to  the  direct  battery  current, 
but  the  alternating  ringing  current  can  readily  pass 
through  so  that  the  subscriber  can  be  rung  in  the 
usual  manner.  When  the  subscriber  removes  the 
telephone  from  the  hook  switch,  a  circuit  is  formed 
side  of  the  line  through  the  primary  winding  of  the 
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Fig.  236. 


from  the  No.  1 

induction  coil  to  the  hook  switch,  thence  through  the  transmitter  to 
the  No.  2  side  of  the  line.  When  the  transmitter  is  spoken  into, 
a  variable  current  flows  over  the  line  from  the  battery  in  the  ex- 
change, passing  through  the  primary  winding  e.  An  alternating 
current  is  thereby  induced  in  the  secondary  coil  d^  which  flows 
through  the  receiver  J,  the  condenser  ^,  the  No.  2  side  of  the  line, 
to  the  transmitter,  through  which  it  passes  back  to  d. 

After  much  experimenting,  the  wiring  of  the  subscriber's 
line  shown  in  Fig.  237  has  been  adopted  by  the  Bell  companies  as 
the  best  suited  for  general  use.    The  subscriber  telephone  is  shown 
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ui  tlie  left-hand  Hule,  and  tlu* 
line  is  seen  running  t^etwecn 
it  and  the  main  distributing 
frame//'.  The  multiple  jacks 
are  seen  at  //,  //,  and  r,  and 
the  answering  jack  at  fl.  So 
far,  the  arrangement  is  very 
similar  to  that  of  the  bridg- 
ing board.  The  jack  used 
here  is  of  simpler  design 
than  that  of  the  bridging 
board.  It  is  made  up  on  two 
contact  springs  1  and  2  and 
the  ring  8.  The  contact 
spring  2,  when  the  plug  is  in 
the  jack,  touches  the  tip. 
Tlie  spring  1  touches  a  brass 
ring  on  the  plug,  while  its 
shank  makes  contact  with 
the  ring  of  the  jack.  The 
jacks  are  bridged  across  the 
line  in  the  same  manner  as 
in  the  plain  bridging  system. 

The  horizontal  side  of 
the  intermediate  distribut- 
ing board  w  ,r  has  three  lugs 
7,  8,  9,  and  the  vertical  side 
is  equipped  with  four,  7,  8, 
y,  and  10.  The  two  sides  of 
the  talking  circuit  are  con- 
nected to  luge  7  and  8  on 
both  sides  of  the  board,  while 
the  wiring  running  from  the 
ring  of  the  jack  is  soldered 
to  lug  No.  9. 

On  the  vertical  side  of 
the  Ixmrd  is  seen  a  fourth  lug 
10,  to  which  is  connected  a  wire  running  from  the  line  lamp  e.     Two 
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relays  are  seen.  The  one  marked  A  is  known  as  the  cut-off  rel^ay ; 
it  has  one  terminal  of  its  coil  connected  to  lug  No.  i),  and  there- 
fore to  the  wire  running  from  the  rings  of  the  Jacks.  The  other 
terminal  of  this  coil  is  grounded  at  ///.  Attached  to  the  armature 
of  this  relay  are  two  springs  1  and  2,  which  are  insulated  both 
from  each  other  and  from  the  armature.  When  the  relay  is  not 
energized,  these  two  springs  make  contact  with  the  two  points  .3 
and  i,  to  which  are  connected  the  two  sides  of  the  talking  circuit, 
No.  4  being  connected  to  that  side  of  the  line  that  touches  the  tip 
of  the  plug.  Spring  No.  1  is  grounded  at  m^  while  No.  2  is  con- 
nected to  one  terminal  of  the  line  relay  o.  The  other  terminal  of 
the  coil  of  the  relay  is  connected  to  the  grounded  l)attery/'.  This 
relay  has  one  armature  5  grounded  at  wi,  and  one  contact  point  6, 
which  is  connected  to  lug  10,  and  therefore  to  the  wire  running  to 
the  lamp  e. 

Tlie  action  of  this  circuit  is  as  follows:  When  the  receiver  is 
on  the  hook  at  the  subscriber  station,  the  line  is  open  through  the 
condenser.  U|X)n  the  receiver  being  removed  from  the  hook  and 
a  path  formed  through  the  primary  coil  and  transmitter,  the  cur- 
rent flows  from  the  battery  fxn  the  direction  indicated  by  the 
arrows.  The  liue  relay  will  therefore  become  energized  and  its 
armature  5  drawn  against  the  contact  point  6.  A  second  circuit 
is  now  formed  from  the  battery  y  through  the  lamp  e  to  tlie  lug 
10,  to  the  contact  point  0,  to  the  armature  5,  and  to  ground  at  ///. 
The  lamp  becomes  lighted.  The  subscriber  opeiator  uj)on  seeing 
the  lamp  become  illuminated,  plugs  into  the  answering  jack  d. 

For  the  present  all  that  will  be  necessary  to  know  is  that  on 
the  shank  of  the  plug  is  a  battery  and  upon  touching  the  ring  of  the 
jack,  current  flows  along  the  wire  to  lug  No.  9,  thence  through 
the  coil  of  the  cut-off  relay  A  to  ground  at  lu.  This  relay  being 
energized,  the  two  springs  are  pulled  away  from  their  respective 
contacts,  and  the  current  is  cut  off  from  the  line.  As  a  result,  the 
relay  o  ceases  to  be  energized,  its  armature  5  falls  away  from  the  con- 
tact 6,  opening  the  circuit  through  the  lamp  ^,  and  putting  it  out. 

We  may  sum  up  the  conditions  under  which  this  circuit  works 
as  follows:  The  potential  of  the  common  battery  /"  is  on  the  line 
constantly.  Owing  to  the  presence  of  the  condenser  in  the  l)ell 
circuit,  however,  no  current  flows.    Directly  the  receiver  is  removed 
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fi'uiii  the  liuok  switch,  current  flows  through  the  line  relay  to  the 
sub8cril)er  telephone  and  back,  lighting  the  line  lamp  and  giviiig 
the  operator  the  signal  that  attention  is  requiretl.  The  ojjerator, 
iij)on  plugging  in  to  answer,  energizes  the  cut-off  relay  which 
o|)erate8  to  disconnect  the  battery  from  the  line,  breaks  the  circuit 
through  the  line  lamp  hihI  |)uts  it  out. 

Tlie  wiring  of  the  o|RM'Htor's  vnnl  circuit  should  Im*  understtMid 
next.     The  plan  of  the  wiring  is  shown  in  Fig.  28K,  Hn<l  the  simi- 
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larity  will  at  once  lie  seen  between  this  arrangement  and  that  of 
the  outline  circuit  shown  in  Fig.  231.  A  re|)eating  coil  having 
four  windings  is  connei'ted  to  the  common  battery  as  shown.  The 
windings  1  and  2  are  connected  to  the  calling  {»I"g<',  those  marked 
3  and  4  are  connected  to  the  plug  h.  The  common  battery  (one 
si<le  l)eing  groundtnl)  is  connected  to  the  junction  Ijctween  1  and 
W  and  2  and  4.  Wired  in  series  with  the  side  of  the  cord  circuit 
leading  to  the  ring  of  the  plug  are  two  relays  //  and  //'.  From  the 
point  m  two  battery  leads  run,  one  to  each  of  the  two  lamps  f  and 
*'.  In  series  with  these  two  lamps,  and  l)etween  them  an<l  the 
;*1iank  of  the  plug,  are  two  Cierman-silver  resistances  y*  an«l  /". 
IVom  the  point  '>  two  leads  run  to  the  armatures  /*  and  //*  of  the 
relays  //  and  */'.    Two  other  resistances  y  and  y'  have  one  terminal 
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connected  to  the  contacts  i  and  i'  respectively,  and  the  other  ter- 
ipinals  to  f  and  f.  The  listening  key  is  shown  at  /•,  and  acts  in 
the  nsual  way  to  bridge  the  operator  cord  circuit  across  the  cord 
circnit.  It  will  be  observed  that  a  condenser  Ji  is  cut  in  between 
the  receiver  I  and  the  secondary  winding  q.  This  is  done  to  pre- 
vent the  current  from  the  battery  c  from  flowing  through  the 
receiver  when  the  operator  listens  in.  The  primary  circuit  con- 
tains in  addition  to  the  transmitter  and  receiver,  a  retardation  coil 
n  and  a  condenser  s.  It  must  be  remembered  that  the  battery  c  is 
common  to  the  exchange,  and  furnishes  all  the  current  used;  that 
on  the  line  circuit,  that  on  the  cord  circuits,  and  that  on  tlie  oper- 
ator's transmitters. 

"When  the  common  battery  system  whs  introduced  it  was 
thought  best  to  provide  a  separate  battery  for  the  lino  signals,  a 
separate  battery  for  the  operator's  transniitters,  and  a  se])arate 
battery  for  the  cord  circuits.  The  potential  used  for  the  first  was 
6  volts,  that  for  the  second  was  4,  and  that  for  the  cord  circuits 
24.  It  was  soon  discovered  that  everything  could  be  run  off  the 
24-volt  circuit,  so  that  this  potential  was  adopted  as  standard  for 
the  common  battery  system.  The  proper  understanding  of  this 
point  is  essential  to  the  thorough  comprehension  of  the  subject. 

lleturning  to  the  operator's  transmitter  circuit,  the  retardation 
coil  u  is  placed  in  circnit  to  guard  against  cross-talk.  Its  resist- 
ance is  about  100  ohms,  which  serves  to  reduce  the  current  fur- 
nished to  the  transmitter,  down  to  the  proper  amount.  The  con- 
denser .V,  having  a  capacity  of  2  M.F.,  being  bridged  across  the 
transmitter  and  primary  coil,  assists  the  retardation  coil  in  keeping 
out  cross-talk;  for  if  any  of  the  talking  current  from  some  other 
operator's  set,  should  leak  past  the  retardation  coil,  it  will  be 
absorbed  by  the  condenser  rather  than  pass  through  the  transmitter 
and  primary  coil,  which  is  possessed  of  high  self-induction. 
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AUTOMATIC  SIGNALS.-(Continued.) 

Iletiirniuf;  to  the  cord  circuit — it  will  Ix)  seen  that  current  is 
furnished  to  both  the  answering  and  callintr  plugs  through  the  re- 
tardation coil.  Following  the  wiring  of  the  shank  of  the  plug,  it 
will  be  seen  that,  when  the  plug  is  inserted  into  the  jack,  current 
is  sent  from  the  battery  through  the  lamp  and  resistanc-e  to  the 
shank,  thence  through  the  shank  wire  to  lug  *.>,  Fig.  237.  From 
this  ])oiMt  it  jwsses  through  the  coil  of  the  cut-off  relay  A  to  ground 
at  ///  encri^iziiii;  the  relay  and  cuttintf  off  the  <lirect  Imtterv  fn>m 
the  line.  The  resistance  of  the  lamp,  the  coil  in  series,  and  the 
cut-off  relay  are  so  proportioned  that  sufficient  current  is  allowe«l 
to  flow  to  energize  the  relay  and  to  light  the  lamp.  AVhen  the  re- 
lays //  and  </\  Fig.  238,  are  euergizetl,  their  armatures  are  drawn 
uj)  against  the  contact  jxiints,  and  shunt  circuits,  through*/ and  ♦/', 
are  placed  on  each  laujp.  Tliese  shunt  resistances  are  so  projKjr- 
tiouetl  that  the  current  flowing  through  the  lamp  is  reduced  suffi- 
ciently to  prevent  illumination.  Using  the  24:-volt  battery,  the 
cut-off  relay  A  is  wound  to  a  resistance  of  30  ohms,  and  the  series 
resistances  /"  and  /"  each  have  a  resistance  of  83i  ohms.  The 
lamps  t'  and  <■'  are  designed  to  operate  on  a  potential  of  12  volts, 
so  that  a  resistance  equal  to  their  own  must  be  placed  in  series, 
thus  the  combinetl  resistance  of  the  cut-off  relay  and  coil  y  or  y 
is  113A  ohms,  which  equals  the  resistance  of  the  lamp. 

The  resistance  of  the  shunt  coils  r/  or  (/  must  be  of  the  proper 

magnitude  to  re<luce  the  current  flow  through  the  lamp  to  prevent 

it  from  l)eing  illuminated.     When  the  shunt  circuit  is  o{)en  the 

total  resistance  of  the  circuit  on  the  shank  is  113i  -f  ll3i  =  227. 

24  ' 
Tlie  E.M.F.  being  24,  the  current  flow  =  -^^  =  .105  amperes, 

which  amount  is  sufficient  to  illuminate  the  lamp.    This  lamp  will 
just  gK>w  very  faintly  with  .00  ahqjere. 
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Tt  has  been  found  by  ex|>erinient  rather  than  the  result  of  oal- 
cMilation  that  a  shunt  resistance  of  40  ohms  will  sufticiently  redutv 
the  brilliancy  of  the  lamp  to  pnxlnci'  tlu'  desirtnl  t*fftH"t.  Supjww 
the  resistance  of  the  shunt  coil  to  Ik*  40  ohms,  and  6up]K)Ht'  its  cir- 
cuit to  \>e  closed.  The  total  resistance  of  the  shank  circuit  will 
then  become 

30  -f-  HU  4   -^ .    ^  1 48  ohms. 


113A    f    40 

The  total    flow  of  current   in    this   circuit  will   be  given  bj  the 

24 

expression  yjo  =  '1~  ampere. 

The  current  will  divide  itself  between  the  lamp  and  shunt  resist- 
ance in  inverse  ratio  to  the  two  resistances,  or  as  40  :  113,  which 
proj)ortion  gives  a  current  flow  of  .06  amperes,  which  is  sufficient 
for  the  purpose. 

The  relays  d  and  d'  deserve  special  mention.  Since  they  are 
Inith  placed  in  the  talking  circuit,  some  device  must  be  used  for 
rendering  them  as  feeble  a  barrier  to  transmission  as  jxissible. 
They  must  also  l)e  proof  against  cross-talk.  The  first  point  is 
accomplished  by  providing  each  relay  with  two  windings — one  hav- 
ing a  resistance  of  10  ohms  and  being  wound  inductively,  the 
other  having  a  resistance  of  100  ohms  and  Wing  wound  non-induct- 
ively.  Thf  direct  current  from  the  battery  selects  the  low  resist- 
ance inductive  path  of  10  ohms,  because  this  current  sets  up  little 
or  no  counter  E.M.F.  of  self-induction.  The  talking  current 
which  is  alternating,  and  therefore  ca|)able  of  setting  up  a  counter 
K.M.F.,  chooses  the  high  resistance  non-inductive  patli. 

HANDLINU  A  CONNECTION. 

Before  giving  a  niore  thorough  explanation  of  the  manner  in 
which  transmission  is  carried  on  over  this  circuit,  it  will  be  neces- 
sary  to  explain  the  method  of  handling  a  connection.  This  will 
l)e  done  by  reference  to  Fig.  230.  Sup|)Ose  fi  and  ^  to  be  two  sub- 
scribers' telephones.  The  multiple  jacks  connected  to  </'s  line 
l)eing  shown  at/*,  y,  and  h,  and  the  answering  jack  and  line  lamp  at 
f  and  ♦  respectively.    The  multiple  jacks  on  ^'s  line  are  shown  at^', 
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/•,  and  /,  aud  tlie  answering  jack  and  line  lamp  at  m  and  a  respec- 
tively. Suppose  that  r/,  desiring  to  call,  raises  the  receiver  from 
the  hook,  thereby  lighting  the  line  lamp  /  in  the  manner  already 
shown.  The  oj>erator,  sitting  before  the  answering  jack,  pings  in- 
to the  answering  ping  with  the  result  that  current  is  sent  through 
the  shank  wire  of  the  {)lug  to  the  ring  of  the  jack,  aiid  tluMice 
through  the  cut-off  relay  r'  to  ground,  thereby  cutting  off  direct 
batterv  and  juifting  out  the  line  lamp.  The  receiver  l)eing  off  the 
hook  at  '/,  current  Hows  out  on  the  line  tlirough  tlu;  windings  1 
and  2  of  tiu*  rej>eHting  coil.  Therefoie,  the  snjKTvisoiy  relay  <>  is 
energize<l  aiul  the  shunt  circuit  being  closed,  the  larnpy^  does  not 
glow.  At  this  stage,  the  subscriber's  transmitter  is  fed  by  current 
sent  out  through  the  rej)eating  coil,  direct  battery  is  cut  off  the 
line,  the  line  lamp  circuit  is  opened,  and  the  sujiervisory  lamp 
shunted  out. 

yupjK)8e  that  the  call  is  for  subscriber  /»,  The  calling  plug  is 
ashed  into  the  multiple  jack  /  of  7/s  line  and  the  ringing  key  de- 
])reBsed.  The  condition  shown  in  the  illustration  is  that  existing 
before  h  has  removed  the  receiver  from  the  hook  switch  to  answer. 
The  calling  plug  being  in  the  jack  y,  the  cut-off  relay  r  is  energized, 
and  the  direct  battery  cut  off  the  line.  The  receiver  at  h  being  on 
the  hook,  the  line  is  open  at  the  condenser,  so  that  no  current  flows 
through  the  supervisory  relay  (>'.  Therefore,  the  shunt  around  the 
lamp^/  is  opened  and  the  lamp  illuminated.  Directly  h  removes 
the  receiver  from  the  hook  to  answer,  the  line  is  closed  through  the 
primar\'  coil  and  transmitter,  current  flows  from  the  battery, 
through  the  windings  3  and  4  of  the  repeating  coil  to  the  tele- 
phone, the  relay  <>'  is  energized,  with  the  result  that  the  shunt 
around  7/  is  closed,  and^/  dimmed  And  this  is  the  state  of  things 
during  conversation. 

At  the  completion  of  the  conversation,  both  telephones  are 
hung  u]),  and  both  lines  again  opened.  (Current  therefore  ceases 
to  flow  through  o  and  o',  and  as  a  result,  the  shunt  circuits  arouiul 
//and  7/  are  opened,  and  both  lamps  become  illuminated.  Upon 
seeing  this  the  operator  instantly  clears  the  connection. 

It  will  be  observed  that  these  suj>ervisory  signals  are  much 
more  efficient  than  the  ring-off  drop  since  they  are  independent 
and  automatic.     The  clearing-out  drop  necessitates  tlu    additioiud 
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work  on  the  |(;iri  oj  the  snbscriber  of  the  rin«;m«;,  ujmim  uu-  rum- 
pletion  uf  the  conversation,  a  thing  which  took  time  and  was  often 
forgotten,  and  when  forgotten  the  operator  either  left  the  connec- 
tion n|»  or  was  put  to  the  necessity  of  listening  in  to  find  out 
whether  or  not  conversation  was  going  on.  With  the  signal  sys- 
tem just  shown  the  ease  is  different.  The  pro[)er  o|)eration  of  the 
signals  de{)ends  only  u[x)n  the  act  of  hanging  up  the  receiver,  a 
thintj  not  so  likely  to  In?  forijotten  as  the  additional  work  of  ring- 
ing  off.  AVhile  subscriln-rs  do  sometimes  forget  to  hang  up,  it  is 
not  ]>robal)le  that  both  will  forget  to  do  so,  and  since  the  super- 
visory signals  work  independently,  the  action  of  one  sul)8cril>er 
hanging  up,  lights  the  signal  on  his  side  of  the  con!  circuit,  Tlie 
Oj»enitor  seeing  this  would  clear  the  connection. 

The  connection  beinjj  cleared,  the  cut-off  relays  are  released, 
direct  battery  is  thrown  in  on  the  line,  and  the  original  condition 
is  again  establislu-d.  In  P'ig.  280  the  ringing  current  generator 
is  not  shown  wired  to  the  key  for  the  sake  of  clearness. 

It  will  now  be  time  to  say  a  word  more  on  the  subject  of  the 
method  of  transmission.  Suppose  the  subscril)er  at  n  to  l)e  trans- 
mitting to  the  jMiPty  at  //.  In  s|)eaking  into  the  transmitter,  u 
variable  current  is  made  to  flow  from  the  common  battery  through 
the  windings  1  and  2  of  the  repeating  coil,  over  the  line  to  and 
through  the  primary  coil  and  transmitter  at  the  telephone.  This 
variable  current  does  two  things.  At  the  telephone  eml,  it  sets  up 
a  talking  current  in  the  secondary  winding  of  the  induction  coil, 
which  Hows  through  the  receiver,  condenser,  transmitter  and  Iwick 
to  the  coil  again.  This  is  side  tone.  At  the  repeating  coil,  this 
variable  current  sets  up  a  talking  current  in  windings  8  and  4 
which  flows  over  the  other  line — the  receiver  supj)osed  to  be  off 
the  hook  -and  passing  through  the  primary  winding,  receiver 
secondary  M'inding  and  condenser,  reproduces  the  sound.  The 
windings  1  and  2  act  as  the  primary  of  an  induction  coil,  while  3 
and  4  act  as  the  secondary.  When  h  transmits  to  «,  the  action  is 
the  same  but  in  the  reverse  order.  The  windings  3  and  4  then 
become  the  primary,  and  1  and  2  the  secondary. 

While  the  common  l>atter>'  system  is  excellent  for  rapid 
s«>r\  ie»'.  and  uliili'  it  triuls   towards  u  brttiT  and  cheajx'r   iitainteA- 


866 


242 


TELEPHONY 


Huce,  the  tranHini«sion  is  not  so  good  as  that  of  tlie  Jocal  Imttery 

Hyateni  iiiuler  the  best  conditions. 

The  line  and  cut-off  relays 
are  mounted  upon  a  separate 
rack,  and  the  line  lamp  only  is 
on  the  face  of  the  board  in  addi- 
tion to  the  jack.  The  line  lamps 
are  mounted  in  the  same  strip 
with  the  answering  jack,  each 
lamp  being  directly  below  the 
jack  to  which  it  is  attached.  The 
sections,  as  is  the  case  with  all 
multiple  boards,  both  series  and 
bridging,  are  made  to  accommo- 
date three  operator  positions 
each.  The  supervisory  relays 
and  the  83^-  and  40-ohm  resist- 
ance coils  are  mounted  in  the 
rear  of  the  switchboard.  The 
supervisory  lamps  ^  andp'  etc., 
are  mounted  in  the  keyboard  in 
two  rows  directly  in  front  of  the 
cords. 

Trunking.  With  the  intro- 
duction of  the  common  battery 
system  came  additional  changes 
in  the  trunking  systems,  which 
reduced  the  time  of  making  and 
clearing  a  connection  to  a  mini- 
mum. In  Fig.  240  is  shown 
the  wiring  of  a  trunk  from  a 
magneto  switchboard  to  one 
operating  under  the  common, 
battery  system.  The  magneto 
switchboard  selected  is  of  the 
bridging  type,  but  the  method 
of  operating  is  the  same  for  the 
series  board.     At  the  outgoing- 
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end  is  a  relay  a  wired  in  series  with  the  bnsy-test  battery.  To  the 
two  contaet  springs  is  wired  a  retardation  coil  /;  of  high  impe- 
dance, and  having  a  resistance  of  600  ohms.  "When  a  plug  is 
inserted  into  a  jack  this  retaliation  coil  is  bridged  across  the  line. 
Its  center  point  is  grounded  at  m.  At  the  incoming  end  is  the 
repeating  coil  with  the  four  windings  1,  2,  3,  and  4.  The  first 
two  are  strapped  together,  and  the  battery  is  wired  between  the 
other  two.  The  wire  running  to  the  shank  of  the  trunk  plug 
jtasses  through  a  relay  (f  and  a  lamp  /'.  Tlie  up|>er  spring  of  this 
relay  is  wired  to  the  tip  of  the  plug,  while  the  lower  spring  is 
wired  to  the  lamp  /",  the  other  terminal  of  which  is  connected 
through  a  resistance  h  of  100  ohms  to  ground.  Wired  to  one  side 
of  the  battery  is  the  relay  <\  called  the  trunk-line  relay,  whose 
resistance  is  25  ohms.  The  other  terminal  of  this  relay  is  wired 
to  the  strap  on  the  repeating  coil. 

The  armature  of  the  relay  r  is  wired  to  the  battery,  while  the 
contact  is  wired  through  a  30-ohm  coil  i  to  the  junction  of  I"  and  //. 
The  inner  contact  for  the  lower  spring  of  the  relay  //  is  wired  to 
the  batter)-,  while  the  outer  contact  is  wired  through  a  25-ohm 
coil  g  to  ground.  The  relay  ^,  which  is  of  the  same  type  as  that 
on  the  operator's  cord  circuit  shown  in  Fig.  239,  has  the  armature 
connected  to  the  shank  wire  of  the  ping,  and  the  contact,  through 
a  resistance  A*  of  30  ohms  to  the  coil  of  the  relay /*  a  strap  being 
extended  to  the  left-hand  inner  contact.  Tlie  left-hand  spring  of 
the  relay y,  is  wired  to  the  battery  through  the  resistance  /  of  60 
ohms,  and  the  right-hand  inner  contact  is  strapped  across.  Tlie 
right-hand  spring  is  connected  to  one  terminal  of  the  lamp/,  the 
other  terminal  of  which  is  wired  to  the  shank  of  the  plug. 

It  will  l)e  seen  at  a  glance  that  the  upj)er  spring  of  the  relay 
//  performs  the  functions  of  an  automatic  testing  key.  The  method 
of  handling  connections  over  this  trunk  is  the  same  as  that  already 
described.  The  trunk  o])erator  having  received  the  call  in  the 
usual  way  tests  the  line  called  for  in  the  manner  already  de8cril)ed, 
and  assuming  the  line  not  busy,  plugs  in.  A  circuit  is  instantly 
formed  along  the  wire  to  the  shank  of  the  plug,  thence  through  the 
cnt-ofT  relay  on  the  called  sul)scril)er's  line  to  ground.  Tlie  relay 
J  is  energi/ed,  the  trunk  <'Iose<l  through  at  the  upj)er  side,  and 
current  sent  through  the  lanijj  /"  and  resistance  A  to  ground  on  the 
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lower  side.  The  trunk  operator  rings  the  subscriber.  When  the 
subscriber  operator  plugs  into  the  trunk  Jack,  the  relay  a  is  ener- 
gized and  the  grounded  retardation  coil  J  bridged  across  the  line. 
Current  then  flows  through  the  trunk  line  relay  c  along  both  sides 

of  the  trunk  in  parallel  to  the 
ground  at  m,  energizing  the  re- 
lay G  and  closing  the  armature 
against  the  contact.  Directly 
tliis  happens  the  resistance  coil  / 
is  connecfed  in  shunt  across  the 
lamp  /",  making  its  illumination 
invisible,  or  ''shunting  it  out", 
as  it  is  called.  When  the  called 
subscriber  removes  the  receiver 
from  the  hook,  current  is  sent 
out  to  him  through  the  relay  e 
energizing  it  and  closing  the 
armature  acrainst  the  contact, 
with  the  result  that  cun-ent  is 
sent  through  the  resistance  X-  and 
the  relay  /  forming  a  shunt 
around  the  lamp  /'.  The  current 
]»HSsing  througji  f  energizes  it 
and  the  two  springs  are  closed 
against  their  respective  contacts. 
On  the  left-hand  side  current 
j)asse8  through  the  resistance  /', 
the  contact  and  coil  of  the  relay 
/',  thus  causing  the  coil  ;'  to  be 
shunted  around  T\.  Sufficient 
current  is  drawn  from  I'  to 
shunt  it  out.  The  spring  and 
contact  close  the  circuit  through 
the  lamp  I;  but  this  lamp  is  also 
shunted  out  by  the  same  circuit. 
Upon  the  completion  of  the  con- 
versHlion  and  the  consecjuent  hanging  up  of  the  receiver  by  the 
called  party,  the  relay  e  is  released,  its  armature  falls  away  from  the 
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contact  and  the  circuit  tlirough  k  \%  opened.  The  relay  j^',  however, 
does  not  release  because  it  is  locked  through  its  left-hand  spring 
and  contact,  and  the  lamp  /'  still  remains  shunted  out.  The  lamp  /, 
however,  being  of  a  lower  resistance  than  /',  lights  up  the  instant 
that  the  cinniit  through  h  is  oj)ened,  antl  therefore  serves  as  a 
signal  to  the  trunk  oj)erator  that  the  called  |>arty  has  hung  up. 

Upon  the  subscriln'r  ojK-rator  clearing  the  connection,  the 
ground  is  taken  off  the  otitgoing  end  of  the  trunk,  the  trunk  line 
relay  'is  therefore  rfleHse<l,  and  the  shunt  through  the  coil  /  removKl 
from  the  lamp  /",  which  iiiHtantly  lights  up.  Tlie  trunk  o|)enitor 
cU'ars  the  c(»mie<"tioti  fitlirr  n|M»ii  Htving  tin*  lamp  /  or  the  lamp  /" 
lij^ht  up,  according  to  instructions.  .\s  a  usual  thing  tiie  lamp 
/"  is  taken  as  the  signal,  which  means  that  the  trunk  operator  waits 
for  the  snbscrilK'r  oj)erator  to  clear  out,  In'fore  doing  so  herself. 
Tlie  lamp  /"  also  serves  as  a  guard  lamp  against  cut-offs. 

Should  the  trunk  oj)erator  through  carelessness  or  other  cause 
clear  the  trunk  during  the  process  of  conversation,  the  lamp  /"  will 
instantly  light  u]),  liecause  the  connection  l>eingupat  the  outgoing 
office  the  grouud  in  is  still  on  the  trunk,  and  the  trunk  line  relay 
energized.  The  trunk  plug  being  removed  from  the  subscrilx*r 
jack,  the  relay  d  is  released,  and  the  lower  spring  leaves  the  inner 
contact  and  touches  the  outer  one.  A  circuit  is  therefore  formed 
through  tlie  resistance  /,  the  lamp  /"  and  tho  resistance  y  to  ground. 
Tlie  coil  /*  liecomes  a  shunt  on  the  lamp  but  its  resistance  is  too 
high  to  shunt  the  lamp  out. 

In  Fig.  241  is  shown  a  trunk  l»etween  two  common  battery 
otHces.  It  will  he  seen  to  1h*  much  simpler. than  the  one  previously 
shown.  A  condenser  e  is  cut  in  between  the  windings  1  and  2  of 
the  rej)eating  coil.  From  the  jK>int  1  a  wire  extends  to  the  con- 
tact on  the  8U|)ervi8ory  relay  </,  the  spring  of  which  is  groundtHJ. 
The  trunk  line  relay  c  is  wired  to  the  point  //.  AVith  the  exception 
of  the  ringing  key,  the  rest  of  the  wiring  is  the  same  as  that  already 
shown.  The  wiring  of  the  ringing  key  is  for  what  is  known  as 
mar/u'uf  rin<jiii{j.  The  ringing  key  is  provided  with  a  catch, 
which,  when  the  key  is  depressed,  holds  the  contacts  in  the  position 
to  allow  the  ringing  current  to  flow  over  the  line.  Wired  in  series 
with  thr  ringing  macliiiie  is  a  magnetic  clutch  k  which  is  so  a«l- 
justeil  that,  when  the  called  subscriU'r  removes  the  receiver  from 
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the  hook  to  answer,  it  is  energized  sufficiently  to  trip  the  catch  and 
cnt  off  the  ringing  current.  This  arrangement  saves  a  good  deal 
of  the  trunk  operator's  time,  and  prevents  ringing  in  the  called  sub- 
scriber's ear. 

The  best  feature  of  this  circuit  lies  in  the  fact  that  by  means 
of  it  the  subscriber  operator  has  her  supervisory  signal  controlled 
by  the  called  subscriber's  hook  switch.  Referring  to  the  outgoing 
end  of  the  trunk,  the  ring  of  the  jack  is  M'ired  to  ground  through 


Fig,  242. 

a  coil  a  having  a  resistance  of  36  ohms,  so  that  the  shank  circuit 
of  the  operator's  cord  circuit  will  be  completed.  A  plug  being 
inserted  into  the  trunk  Jack,  the  supervisory  lamp  lights.  The 
ring  of  the  plug  sends  current  out  through  the  Jack  spring  o  over 
one  side  of  the  trunk  to  the  point  J,  and  thence  to  the  contact 
point  of  the  supervisory  relay  g.  The  tip  of  the  plug,  touching 
the  Jack  spring  o  puts  a  ground  on  it  because  it  is  connected  to 
the  grounded  side  of  the  battery,  and  therefore  a  current  flows 
through  the  trunk  line  relay  e  to  the  point  d  and  thence  over  the 
opposite  side  of  the  trunk  to  ground  through  the  tip  of  the  plug. 
The  relay/ and  the  lamp  V  work  exactly  the  same  as  shown  in 
Fig.  240.  The  called  party  taking  the  receiver  from  the  hook 
energizes  the  relay  g,  closing  the  spring  against  the  contact.     Cur- 


860 


TELEPHONY  Ml 


rent  now  flows  throngli  the  8Uj)ervi8ory  relay  on  tbe  snbscrilKT 
operator'ri  cord  circuit  to  the  jacic  spring  o  to  the  ground,  energizing 
the  relay  and  shunting  out  the  lamp.  When  the  called  subscriber 
hangs  up  u|)on  the  completion  of  the  conversation,  the  relay  g  is 
released,  the  ground  taken  off  the  contact,  and  therefore  the  circuit 
over  which  flowed  the  current  through  the  subscriber  operator's 
supervisory  relay  is  broken.  The  shunt  on  the  8U|)ervisory  lamp 
being  thus  removeil,  the  lamp  lights,  just  as  if  the  called  sub- 
scriber's line  had  terminated  in  the  same  exchange  as  the  calling 
line.     This  form  of  trunk  circuit  is  the  most  efficient  ever  devised. 

There  are  three  weak  jKjints  about  the  common  battery  line 
and  operator's  cord  oircnitH  that  have  been  shown  ho  far,  and 
they  are: 

First,  when  the  operator  plugs  in  to  answer  a  call  tbe  subscriber 
hears  a  painful  click  iu  tlie  ear,  caused  by  the  direct  battery  being  sud- 
<lenly  cut  otV  the  line  through  the  eut-ott'  relay.  Second,  during  conver- 
Hation  current  is  re(|uire<l  to  keep  the  cut-ot!"  relay  energizeil.  Third,  the 
presence  of  a  relay  in  the  talking  circuit. 

In  Fig.  242  is  shown  a  very  simple  circuit  which  does  away 
with  the  click  in  the  ear  u{K)n  the  operator  answering.  Tn  this 
circuit  the  battery  is  jjermanently  connected  to  the  subscriber  lines 
through  the  relays  a  and  a'.  The  armature  of  the  relay  rests  nor- 
mally against  the  outer  contact  point,  the  inner  contact  being  con- 
nected to  the  lamp  ^/,  whose  other  terminal  is  connected  to  the 
grounded  side  of  the  battery.  The  armature  itself  is  connected  to 
through  the  resistance  b  to  the  free  side  of  the  battery.  The  tip 
and  ring  of  the  plug  form  the  connections  of  the  talking  circuit, 
the  two  shanks  being  connected  together  through  the  lamps  e  and 
e\  one  side  of  each  being  grounded.  Two  condensers/* and/"  are 
cut  into  the  talking  circuit. 

Referring  to  the  left-hand  line,  when  the  subscriber  removes 
the  receiver  from  the  hook  switch  current  flows  through  the  relay 
a.  The  armature  is  pulled  against  the  inner  contact,  and  current 
flows  through  the  resistance  b  and  the  lamp  d  to  ground.  The 
lanjp  becomes  illuminated.  The  o{)erator  pbigging  in  to  answer, 
throws  a  ground  on  the  ring  of  the  jack  through  the  shank  of  the 
plug,  which  shunts  the  lamp  <>  across  the  lamp  </.  The  resistances 
and  current-carrying  capacities  of  these  two  lamps  are  so  prupur- 
tioned  that  both  are  shunted  out. 


aci 


2iB 


TELEPHONY 


When  the  subscriber  liangs  up,  the  relay  a  ceases  to  be  ener- 
gized, the  armature  falls  against  the  outer  contact  o[>ening  the 
circuit  through  the  lamp  /L  The  two  coils  c  and  h  are  connected 
togetlier  through  the  lamp  e  with  the  result  that  the  latter  lights 
as  the  shunt  has  been  removed. 

Since  the  battery  is  permanently  connected  to  the  line,  the 
click  in  the  ear  is  done  away  with,  as  is  the  presence  of  the  relay 
in  tlie  talking  circuit.  The  current  ])assing  through  the  two  lamps 
in  multiple  is  fully  equal  to  that  taken  by  the  cut-off  relay,  so  that 
no  saving  is  accomplished  in  this  manner.  This  circuit  with  some 
modifications  may  be  ])rovided  with  a  1)usy  test  and  is  in  commer- 
cial use  by  one  of  the  independent  telephone  companies. 


Fig.  243. 

Another  form  of  circuit  is  shown  in  Fig.  243  which  aims  at 
reducing  the  amount  of  current  used  up  in  shunting  out  signals 
during  conversation.  As  in  the  previous  one,  the  battery  is  per- 
manently connected  to  the  line  through  a  retardation  coil.  When 
the  subscriber  removes  the  receiver  from  the  hook  the  relay  a  be- 
comes energized  closing  the  lamp  circuit  I.  Ileferring  to  the  cord 
circuit,  the  talking  contacts  here  are  the  tip,  and  the  shank  and 
upon  the  plug  being  inserted  into  the  jack,  current  flows  along  the 
wire  from  the  ring  through  the  supervisory  relay  d  to  the  tip  of 
the  plug  and  thence  out  on  the  line.  The  relay  is  energized,  and  the 
armature  pulled  away  from  the  contact.  The  current  through  the 
relay  a  is  so  far  shunted  as  to  cause  it  to  release,  and  open  the  line 
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lamp  circuit.  When  the  suliscriber  huiicrrt  up,  the  relay  d  is 
released,  the  Hriimture  falls  at^ainst  the  contact  and  lifjhts  the  su- 
jKrvisory  lamp.  This  circuit  has  some  good  features,  but  it  is 
very  problematical  whether  or  not  it  is  more  economical  of  current 
than  the  one  onVinally  shown.  In  Fit;.  244  is  shown  the  general 
ap|)eanuice  of  an  exchange  switchW)ard.  Tlie  one  shown  is  of  the 
eoiiimon  battery  tv|M3  with  a  caj)acity  of  o.liK)  lines.  Tlu*  girl  se«'n 
>^tan<iing  up  is  c^ilbnl  a  xiipt'i'vinar^  and  her  duty  is  to  set^  to  it  that 
the  ojK'rators  attend  projierly  to  their  work  and  also  to  assist  them 
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out  ()f  any  difficulty  that  they  might  get  into  from  time  to  time. 
Tile  vhuf  opi  I'lifnr  sits  at  a  desk  and  has  direct  charge  of  all  the 
operators.     The  whole  force  is  j)resided  t)ver  by  a  manager. 

TOLL  BOARDS. 

T^>ng  toll  lines,  u[K>n  which  a  mileage  rate  is  charge<l,  are 
hanilleil  over  a  s|HHMaI  boanl  placed  in  the  i:u?st  convenient  ex- 
change. In  cities  having  only  one  exchange,  and  in  which  the 
toll  business  is  large,  each  exch»u>ge  has  a  toll  Inmnl.  Toll  Iw.nrds 
are  e4|uip])ed,  in  atldition  to  the  toll  line  multij)le  and  answering 
jacks,  with  a  multiple  of  the  <iutgi>ing  trunks  to  other  exchanges. 
For  e.xample,  the  toll  Iward   in  the  ("ourtland  St.  exchaujje,  for 
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handling  calls  to  joints  in  Jersey  City  and  Long  Island,  is  equipped 
in  addition  to  the  toll  trunks,  with  outgoing  trunks  to  every  other 
exchange  in  the  city,  and  also  with  outgoing  trunks  to  the  local 
switchboard  in  the  Courtland  Bt.  exchange.  The  calls  for  toll 
points  are  handled  over  what  is  know  n  as  a  recording  circuit.  This 
is  simply  a  sending  order  circuit  from  all  the  local  exchanges  to  a 
spwial  oj)erator  set  aside  to  receive  calls.  Tlie  calls  are  written 
upon  tickets,  and  passed  to  the  toll  operators  for  completion.  The 
toll  operator  times  and  supervises  every  connection.  The  method 
of  procedure  is  as  follows.  Suppose  that  No.  76,  38th  St.  calls  for 
No.  56  Paterson,  N.  J.  The  subscriber  operator  at  38th  St.  answer- 
ing the  call  M'ould  go  in  on  the  recording  circuit,  to  the  recording 
operator  at  the  New  Jersey  toll  board  at  Courtland  St.  and  say : 
No.  760,  38th  St.  wants  No.  56  Paterson.  The  recording  oper- 
ator would  note  the  facts  on  a  slip  and  pass  it  to  the  toll  operator 
handling  the  Paterson  toll  trunks.  This  operator  would  go  in  on 
the  order  circuit  to  the  incoming  trunk  operator  at  38th  St.  and 
order  up  No.  760.  She  would  then  go  in  on  a  Paterson  trunk 
and  having  gotten  the  Paterson  operator  ask  her  for  No.  56.  This 
line  having  been  plugged  up  the  connection  would  be  established. 
The  conversation  having  been  completed,  the  toll  operator  would 
disconnect  the  circuit  trunk  to  38th  St.  thus  giving  the  trunk  oper- 
ator  there  the  signal  to  clear  out,  and  she  would  ring  on  the  Pater- 
son trunk,  and  when  the  Paterson  operator  answered,  she  would 
direct  her  to  clear  the  connection.  Long  Distance  connection 
being  in  substance,  toll  connections  are  handled  in  this  manner. 
Toll  IxDards  .are  used  for  two  purposes.  P'irst,  to  establish 
connection  between  two  toll  trunks.  Second,  to  establish  connec- 
tion between  a  toll  trunk  and  a  subscriber's  line.  This  type  of 
switchboard,  therefore,  is  equipped  with  two  classes  of  trunks,  viz., 
toll  trunks  and  trunks  to  local  exchanges.  The  operator  cord  cir- 
cuits must  be,  therefore,  of  two  classes.  That  suited  ^or  connect- 
ing two  toll  trunks,  and  that  suited  for  connecting  a  toll  trunk  and 
a  trunk  to  a  local  exchange.  With  the  magneto  system,  since  both 
the  toll  trunks  and  those  to  the  local  exchanges  are  wired  sub- 
stantially in  the  same  manner,  one  set  of  cord  circuits  will  do  for 
both  purposes.  But  with  the  introduction  of  the  common  battery 
system,  where  the  wiring  of  the  trunks  to  the  local  exchanges  takes 
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a  new  form,  a  corresponding  change  must  be  made  in  the  wiring 
of  a  portion  of  the  cord  circuits.  Toll  boards  are  designed  on  the 
multiple  tyj)e,  but  differ  in  construction  from  the  local  switch- 
Itoards  in  the  fact  that  the  sections  are  built  to  accommodate  only 
two  operator  positions  instead  of  three.  The  reason  for  this  change 
lies  in  the  fact  that  greater  ease  is  given  to  the  operator  thereby, 
ti>  reach  h1!  the  jacks  in  the  multiple.  With  large  multiples  in 
use  in  the  local  switchboards  this  device  cannot  be  resorted  to  on 
account  of  the  extra  expense.  For  example,  suppose  that  a  switch- 
board is  equipped  with  5,000  subscriber  multiple  jacks,  and  that 
the  calling  rate  is  such  that  only  50  answering  jacks  are  assigned 

to  each  operator.    The  number  of  sections  needed  would  be  ~ 


50  X  8 

which  is  approximately  34.  The  number  of  multiple  jacks  wcmld 
l)e,  therefore,  5,000  X  HI  =  170,000.  If  now  these  sections  were 
designed  for  two  operators*  positions  instead  of  three  each,  the  total 

number  of  sections  needed  would  be  -p^ -^  =  50  and  the  total 

50  X   2 

number  of  subscriber  multiple  jacks  would  become  5,000  X  50  = 

250,000  or  an  increase  of  80,000  jacks.     Assuming  the  cost  of  a 

jack  to  be  $0.25  the  increase  in  cost  due  to  this  change  would  be 

80,000  X  .25  =  820,000.00,  which  would  be  much  in  excess  of 

the  money  saved  from  better  o{)e rating. 

With  the  toll  board  the  case  is  different.  Here  the  multiple, 
counting  the  toll  trunks  and  those  to  lo<'al  exchanges  seldom 
reaches  700  jacks,  so  that"  the  extra  cost  of  the  jacks  is  not  of 
so  much  importance.  Again,  since  in  the  case  of  connections  over 
toll  trunks  a  rate  is  charged  which  is  in  proportion  to  the  length 
of  the  trunk  used,  and  the  length  of  time  during  which  the 
conversation  is  carried  on,  the  return  to  the  company  in  money  is 
higher  per  call,  than  in  the  case  when  the  connection  is  hai;.dled 
exclusively  over  a  local  board.  A  toll  connection  requires  more 
time  to  establish,  for  reasons  that  will  be  seen  directly,  than  a 
local  connection.  The  above  two  facts  make  it  necessary  to  give 
the  toll  operators  every  advantage. 

The  trunks  to  local  exchanges  art-  of  the  same  type  as 
those  in  the  local  board,  and  are  wired  in  the  same  general 
way.     The  toll  board  is  situated  in   the  same  room,  or  at  any 
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rate,  in  the  same  building  with  one  of  the  local  switchboards. 
For  example,  tlie  toll  board  for  handling  the  toll  lines  to  the 
suburbs  of  Philadelphia  and  surrounding  towns,  is  situated  in 
the  same  building  as  the  local  exchange  known  as  No.  2.  The 
toll  board  for  handling  the  toll  trunks  to  the  northern  suburbs 
of  New  York,  throughout  the  district  known  as  the  Bronx,  and 
the  outlying  towns,  is  situated  in  the  same  building  as  the  local 
switchboard  known  as  Melrose.  The  outgoing  trunk  multiple 
of  the  toll  board  is  made  up  of  an  extension  of  the  outgoing 
trunk    multiple   of   the   local   board,    and    in    addition,  a   set  of 
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Fig.  245. 


trunks  to  one  of  the  incoming  trunk  positions  of  the  local  board 
in  the  building  in  which  it  is  situated.  Thus,  at  Melrose,  the  out- 
going trunk  multiple  in  the  local  board  is  extended  through  the 
toll  board,  and  in  addition  there  is  a  set  of  trunks  to  the  local 
board  at  Melrose.  The  toll  board  is  thus  equipped  with  trunks  to 
each  one  of  the  local  exchanges.  These  trunks  are  either  circuit 
or  ring-down  as  the  case  may  be. 

In  Fig.  245  is  shown  the  wiring  of '.a  ring-down  trunk, 
the  jacks  in  the  local  board  being  shown  at  a  h  c  and  <7,  and 
those  in  the  toll  board  at  a  h'  e  and  <T .  Tlie  lucrs  on  the 
iuterme<liate  distributing  board  are  shown  at  f  and  /",  and  the 
re|>eating   coil    at  c.       In  the    toll  board    each  multiple   jack  is 
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nccoMipanitMl  with  nn  automat  it*  Bijjnal  cuIKhI  h  hmti/  T'ntnul. 
This  signal  is  of  the  iimgiu'tic  tyjH*,  to  the  animtnre  of  which 
is  attached  a  light  aluininuin  shutter  wliieh,  when  the  coil  is 
euergize<l,  is  pulled  over  the  fare  of  the  niHguet  so  as  to  l)e  in 
plain  view  of  the  ojn'rator.  AVlieu  a  plug  is  inserted  in  a  jack, 
either  on  the  local  or  toll  Imard,  thw  relay  f/  is  energize<l,  and  its 
armature  dniwn  against  the  contact  jKiint.  Current  then  flows 
from  the  battery  //,  through  the  coils  of  the  husy  visuals  in  series, 
energizing  them  and  making  the  shutters  show  husy.  iJy  this 
means  the  toll  o|)erator8  are  relievtHl  of  the  necessity  of  testing  the 
trunks  to  iind  one  that  is  not  in  use,  which  tends  to  save  time. 
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In  Fig.  24<>  is  shown  the  wiring  of  a  circuit  trunk,  the  jacks 
in  the  local  hoard  Ikmuij  shown  as  liefore  at  //  //  o  and  </,  and  tliost* 
in  the  toll  hoard  at  a'  //  <•'  and  '/'.  The  'M\  ohm  coil  is  shown  at<. 
In  this  case,  the  multiple  through  the  toll  hoard  consists  merely 
of  a  duplicate  of  that  through  the  local  hoard.  The  wiring  of  a 
toll  trunk  is  similar  to  that  of  a  ring-down  trunk  shown  in  Fig. 
245,  with  the  exception  that  it  does  not  apj)ear  in  the  local  switch- 
boai*d,  and  that  there  is  an  answering  jack  wirtnl  to  it  and  placed 
on  the  toll,  hoard.  It  is  shown  in  Fig.  247.  The  re|)eating  coil  is 
remove<l  and  a  drop  y  is  wired  across  the  trunk.  The  multiple 
jacks  are  shown  at  a  h  i-  and  //  and  the  answering  jack  and  lamp 
at  t'  andy  retf|)ectively.  A  relay  /*,  having  two  windings  i  and  »', 
is  so  wired  that  one  of  the  windings  is  connected  to  the  restoring 
coil  of  the  drop,  while  the  other  winding  is  connectetl  to  the  arma- 
ture.    The  op[>osite  terminal  of  the  lamp  is  wired  to  the  contact 
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point  of  tlie  drop  to  which  is  also  connected  one  tentiinal  of  the 
resistance  coil  o.  The  opposite  side  of  the  busy  visuals  is  wired 
to  the  contact  point  of  the  relay,  and  the  armature  is  grounded. 
The  action  is  as  follows:  The  trunk  being  rung  on  from  the 
distant  end,  and  the  armature  falling,  current  flows  through  the 
lamp/' and  the  resistance  r;,  through  the  winding  i'  of  the  relay  /^, 
energizing  it  and  closing  the  circuit  through  the  busy  visuals. 
The  trunk  is  thus  shown  busy  the  instant  it  is  rung  upon,  pre- 
venting any  operator  taking  it  up  before  the  proper  o])erator 
answers  at  the  answering  jack. 
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Fig.  247. 

"When  the  plug  is  pushed  into  the  jack,  current  is  sent 
through  the  restoring  coil  of  the  drop,  and  the  coil  i  of  the  relay. 
Therefore,  although  the  circuit  through  the  coil  i'  is  broken,  that 
through  the  coil  *  keeps  it  energized  so  that  the  busy  vistial  circuit 
rejuains  closed.  The  resistance  o^  which  is  600  ohms,  is  shunted 
around  the  lamp  so  that,  should  the  latter  become  open,  the  busy 
visuals  will  be  energized  when  the  trunk  is  rung  upon. 

In  Fig.  248  is  shown  the  wiring  of  a  cord  circuit  to  connect 
together  two  toll  trunks.  It  differs  in  no  very  essential  feature 
from  that  of  an  ordinary  bridging  board.     The  clearing  out  drop 
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/'is  not  placed  on  the  Ixwrd  in  view  of  the  operator,  Init  a  lamp  // 
tu'tiiuted  Uy  itH  nruialure  is  placed  in  the  keyboard  and  acts  as  the 
8U|)ervi8ory  signal.  The  resistance  /*,  which  is  in  series  with  the 
Ihmij),  is  120  ohms,  while  that  of  /,  in  series  with  the  restorinjr  coil, 
is  lUO  ohms.  The  resistances  of  /  and  k  are  2(.M)  ohms  each.  The 
wiring  of  the  operator's  transmitter  circuits  is  identical  with  that 
already  shown  for  a  common  battery  office. 

In  Fig.  24'.>  is  shown  the  circuit  for  connecting  together  a  toll 
trunk  and  one  to  a  Jocal  office.    One  half  is  the  same  as  that  shown 
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Fig.  248. 

in  Fig.  24'S,  while  the  other  half  is  that  of  local  subscriber's  o|)er- 
ator's  cord  circuit.  Here  the  left-hand  plug  a  is  for  the  toll-trunk 
jack,  while  the  right-hand  plug  h  is  for  the  trunk  to  the  local 
switchlMjard.  In  this  cord  circuit  a  repeating  coil  is  used,  and  the 
windings  1  and  2  are  strapjied  together  on  the  left-hand  side  of  the 
cord,  while  the  battery  is  connected  between  3  and  4  for  the  right, 
hand  side  in  the  usual  manner.  A  toll  board  position  is  usually 
e<juip|KHl  with  12  cord  circuits,  and  of  thest^  4  are  of  the  tyj)e 
shown  in  Fig.  24s.  aiul  the  reniaintler,  of  that  .^^liown  in  Fig.  24U. 
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LONG-DISTANCE  SWITCHBOARDS. 

The  business  done  by  the  Long  Distance  Company  is  essentially 
a  toll  business,  and  the  switchboards  used  are,  therefore,  of  the  toll 
boaixi  ty|)e.  They  differ,  however,  in  many  respects  from  the  toll 
boards  used  by  the  local  companies.  Tlie  types  of  switchl)oard  uhihI 
in  a  Long  Distance  exchange  consist  of:  Toll  hoanln^  Throinj/t, 
houi-dif,  and  Recordintj  hoards.    The  toll  boards  are  those  at  which 
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Fig.  249. 

tlu^  toll  lines  terminate,  and  are  e(juipped  in  the  larger  offices 
with  the  toll  line  answering  jacks,  line  drops,  outgoing  trunk  mul- 
tiple to  the  local  exchanges,  and  circuits  to  the  chief  operator's 
lx)ard.  The  through  boards  are  used  to  complete  connections  from 
one  ])oint  to  another,  when  the  line  to  these  two  points  passes 
through  the  office.  For  example,  if  a  connection  is  wanted  between 
Jioston  and  Philadel{)hia,  there  being  no  direct  trunks  between  these 
two  points,  the  coiiiuvtion  woiild  have  to  be  handled  through  New 
York.  Jioston  would  call  New  York,  and  ask  for  riiiladeljihia, 
N<?W  York  M'ould  then  raise  Philadel])hia,  and  connect  the  twq 
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Hces,  and  a 

o  the  chief    g4>  \ 


trunks  t(^ether.  This  woiihl  1ki  done  at  the  through  Iniard.  The 
recording  board  is  used  for  handling  calls  from  loc>al  snbscribers 
to  Long  DJHtance  points.  The 
through  iHjards  are  eqnij)jH»d  with  a 
multiple  of  the  toll  lines,  a  multiple 
of  the  trunks  to  local  ot)i( 
multiple  of  the  trunks  to 
ojHTator's  l)oi\rd. 

Tlie  wiring  of  a  toll  line  is 
shown  in  Fig.  250.  The  main  rack 
is  shown  at  x  j-\  and  in  this  connec- 
tion it  should  be  said  that  the  main 
rack  of  the  Long  Distance  Com- 
jmny  is  not  eipiipjwHi  witli  protect- 
ing devices.  The  lines  after  enter- 
ing the  office  are  eijuipptnl  witli  the 
regular  carlion  sandwich  protector 
for  liglitning,  as  shown  at  <>  and  o'. 
The  jack  *(  is  in  the  chief  operator's 
iKMird,  which  contains  a  bridge  on  all 
lines  entering  the  office.  The  jacks 
//,  r,  //  represent  the  multiple  in  the 
through  boards,  while  at  r-  is  shown 
the  answering  jack.  After  |)assing 
the  answering  jack,  the  line  rtins 
through  the  contacts  of  the  relay  ', 
which  has  a  resistance  of  UO  ohms, 
and  thence  through  the  line  coil  of 
the  drop  //.  One  terminal  of  the 
coil  of  the  relay  is  connected  to  the 
ring  of  the  jacks  and  the  other  is 
wired  to  the  restoring  coil  of  the 
drop.  The  lamp  «/  is  the  answering 
lamp,  and  those  marked y',y,/"',  and 
/^"  are  the  busy  lamps.  The  ojier- 
ation  of  the  circuit  is  as  follows: 

The  trunk  lH*ing  rung  o|)en  the 
drop  is  thrown  and  the  lamp  fj  lighted.     The  o]K>rator  plugging 
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into  the  jack  e  to  answer,  restorea  the  drop,  putting  out  the  light  ^, 
At  the  same  time  the  relay  i  is  energized  and  the  drop  cut  off. 
Also  a  path  is  made  between  the  lower  spring  and  inner  contact  of 
the  relay  i  for  the  common  return  of  tlie  busy  lamps  f,  /'■,/"', 
and/""',  lighting  these  lamps  and  giving  the  signal  that  the  line  is 
in  us^.  It  will  be  observed  that  the  heat  coils  m  and  in  are  placed 
in  series  with  the  drop  to  protect  it  against  sneak  currents.  The 
busy  lamp  f"  is  placed  above  the  answering  jack  to  notify  the 
ojierator  at  that  point  when  the  trunk  is  taken  up  at  any  other 
siH'tion  of  the  board. 

Tn  Fig.  251  is  shown  the  operator's  cord  circuit  that  is  used 


on  the  toll  board  and  through  board.  The  wiring  of  the  trunks  to 
local  offices  is  shown  in  Fig.  252,  and  is  of  a  design  different  from 
that  used  between  the  exchanges  of  a  local  company.  It  is  so 
wired  that  the  long  distance  operator  does  all  the  ringing,  and  to 
this  end  a  special  relay  is  placed  at  the  incoming  end,  which  is 
actuated  by  the  alternating  current  from  the  ringing  key  of  the 
long  distance  operator.  At  the  long  distance  office  the  trunk  is 
wired  in  the  usual  manner  with  the  ring  of  the  jacks  connected  to 
ground  through  a  coil  of  90  ohms  resistance.  At  the  incoming 
elid  is  the  regulation  repeating  coil  a  wired  up  in  the  regulation 
manner,  with  the  exoej)tion  that  the  relay  above  mentioned  is 
bridged  around  the  condenser,  with  another  condenser  in  series. 
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Tlie  outside  contacts  of  a  stH'ond  relay  h  are  also  brid^iMl  acroKs  the 
tenninalH  of  the  first  condenser,  the  upper  swinging  contact  of  this 
relay  being  wired  through  the  coil  of  a  third  relay  c  to  ground, 
and  the  lower  swinging  contact  of  this  relay  iM'ing  connecttnl  to 
the  contact  jwint  of  the  relay  r.  The  two  inner  contacts  of  the 
relay  h  are  strap{)ed  together.  The  armature  of  the  relay  a  is  con- 
nected to  battery,  and  its  contact  |)oint  is  wired  through  the  coil  of 
the  relay  </  and  the  coil  of  the  relay  /;  to  ground,  through  a  ret^ist- 
ance  of  170  ohms.  To  this  wire  is  also  strapjKHl  the  contact  of  the 
relay  r ,  its  armature  being  connected  to  that  of  the  relay  r.    The  auto- 
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Fig.  252. 

matic  testing  key  is  wired  in  the  usual  manner,  with  the  exception 
that  the  lower  inner  contact  is  connecte*!  to  battery,  and  the  lower 
swinging  contact  is  connecteil  to  the  contact  j)oint  of  the  relay '•. 

The  working  of  this  trunk  is  as  follows:  The  trunk  operator 
at  the  local  ottice  taking  up  the  chilled  subscriln'r's  line,  the  auto- 
matic  key  is  energi/tnl,  and  battery  is  thrown  out  on  one  side  of 
the  line  to  the  long  distance  otHce,  where  the  keyljoard  signal  is 
energized.  The  supervisory  lamp  o  is  lighteil.  The  Long  Dis- 
tance oj)erator  upon  ringing,  energizes  the  relay  f/,  closing  the 
armature  against  the  contact,  an«l  thrt>wing  lottery  through  the 
r»lay  with  the  result  that  it  in  turu  l)ecomes  en^rgiz^,  cutting  in 
the  ringing  current  and  calling  the  subscriWr.  This  current" 
flows  also  thriHigli  tlu*  relay  h  energizing  it,  breaking  the  contacts 
iH'twn'U    th(^   middle   and    outiM',   an<l    making    them    iM'twitMi    the 
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middle  and  inner  points,  with  the  result  that  current  is  now  sent 
from  the  lower  contacts  on  the  automatic  testing  key  through  the 
strap  on  the  relay  h  and  the  coil  of  relay  c  to  ground.  The  relay 
c  becomes  energized  and  its  armature  is  closed  against  the  contact 
])oint,  thus  closing  the  shunt  circuit  around  the  lamp  through  the 
resistance  coil  //<,  shunting  out  the  lamp.  When  the  called  sub- 
8cril)er  removes  the  receiver  from  the  hook,  the  8U[)ervi^ry  relay 
e  is  energized,  and  current  tiows  through  the  lamp,  and  the  resist- 
ance coil  ///,  the  armature  and  contact  point  of  the  supervisory 
relay,  and  the  coil  of  the  relay  h  to  ground.  The  relay  h  again 
iK'ing  energized,  current  is  sent  through  the  relay  e  energizing  it, 
and  current  is  acmin  allowed  to  flow  throutjh  the  lower  contacts  of 
tin*  automatic  testing  key,  to  the  jmint ;/-,  where^  it  splits;  one  por- 
tion passing  through  the  coil  y//,  again  shunting  out  the  lamp. 
Tlie  other  ])ortion  flows  through  the  armatufe  'and  contact  of  the 
su|H?rvisory  relay,  the  coil  of  the  relay  h  to  ground,  thus  keeping 
Ij  and  the  relay  <•  energized.  Ko  disconnect  signal  is  placed  at  the 
long  distance  end  of  the  trunk,  as  the  long  distance  operator  is 
required  to  suj)ervise  the  connection. 

When  the  conversation  is  completed,  the  operator  at  the  dis- 
tant office  rings  on  the  toll  trunk,  thus  throwing  the  clearing-out 
drop.  The  long  distance  operator  then  clears  the  connection,  and 
the  lamp  at  the  incoming  end  again   lights   up.     The  recording 

boards  are  used  to  record  calls  froTn  local  exchanges  to  lontr  dis- 
ci o 

tance  points,  and  to  transmit  the  information  to  the  ])roper  toll 
0{)erator  in  order  that  the  required  toll  point  may  l)e  reached. 

These  boards  are  equipped  with  a  multiple  of  the  outgoing 
trunks  to  local  offices.  The  6j)erator's  cord  circuit  is  the  same  as 
that  of  a  toll  board,  with  the  exception  that  it  lias  only  one  cord 
and  J)lug,  is  used  to  hold  the  trunk,  until  the  toll  o[)erator  takes 
up  the  connection.  Each  recording  operator  position  is  equipped 
with  a  set  of  sending  order  wire  keys  to  the  local  offices.  A 
8pe<'ial  ojHM-ator,  called  a  rereivhty  operator^  is  equi])])ed  with  a 
telephone  circuit  at  which  terminates  an  order  circuit  from  each 
of  the  local  exchanges.  All  calls  coming  from  the  local  exchanges 
are  received  over  this  order  circuit  by  the  receiving  operator,  who 
writes  the  details  on  a  ticket  and  pusses  it  to  oiui  of  the  recording 
oj)erator8.     This  o]K*rator  goes  in  on  the  order  circuit  to  the  trunk 
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operator  in  the  exchange  from  which  the  call  ori^'nated  and 
orders  up  the  calling  subscriber's  line,  which  is  done  in  the 
regular  circuit  tnink  manner.  The  ticket  is  then  sent  from  the 
recording  o|»erator  to  the  toll  line  ojK*rator,  who  proceeds  to  get 
the  calltHJ  snlmcriU'r  at  the  toll  j)oint  re<jnirf<l.  I'ikui  the  toll 
line  o|)erator  plugging  into  the  trunk  to  the  local  exchange  U|M>n 
whici)  the  calling  subscrilM-r's  line  is  U-ing  held,  the  nvording 
o[H'rator  withdraws  Ikt  jilug  and  lias  nothing  more  to  do  with  the 
connection. 

TELEPHONE  OPERATING. 

The  work  of  e;>t2d>lishing  connivtions  in  a  trlejihont?  fxchange 
is  callitl  ttpti'atimj.  The  de|Mirtment  that  handles  the  ojK'rating  is 
calKil  the  Tiii^c  Dejuirtnu'iit.  The  force  in  a  telephone  exchange 
is  ma<le  up  as  follows  :  Each  exchange  is  in  charge  of  a  manager, 
whose  business  it  is  to  see  that  the  o[)erating  force  j»ro|RTly  attends 
to  the  work  of  handling  connections.  lie  should  have  full  authority 
over  his  force,  being  free  to  make  whatever  change  he  may  deem 
to  lie  necessary.  In  large  exchanges  his  efforts  are  seconded  by 
one  or  more  assistant  managers.  These  are  usually  men,  although 
the  ]K>sition  of  assistant  manager  is  sometimes  tilled  by  a  woman. 
The  othcial  who  comes  in  the  most  direct  contact  with  the  o|H*rators 
is  the  chief  oj»erator.  This  position  should  always  be  tilled  by  a 
woman.  The  force  of  o[x'rators  is  assisted  by  one  or  more  8U|ier- 
visors,  whose  duty  it  is  to  watch  closely  the  manner  in  which  the 
operators  directly  under  her  charge  attend  to  business,  and  to  help 
them  out  of  any  dithcultit'S  into  which  they  may  from  time  to  time 
fall.  Each  8U|)ervisor  is  assigned  a  certain  numl)er  of  sections  to 
|»atrol,  ami  she  walks  continually  to  and  fro  watching  the  work. 
t>he  should  watch  the  mannt*r  in  which  the  ojierators  answer  the 
subscribers,  insisting  that  it  l>e  done  promptly,  and  that  the  sub- 
scribers Ixj  carefully  listened  to  so  that  their  wishes  may  be  prop- 
erly recordtnl.  Tlie  supervis»»r  should  see  that  the  subscril)er 
always  gets  courtei>us  treatment.  Each  su|»ervis<ir  is  e<juipjHHl  with 
a  telephone  placed  conveniently  on  the  w;ill  so  that  the  operators 
may  W  readily  able  to  communicate  with  her.  It  is  pjirt  of  Iht 
duty  to  givt<  the  <»|M*rators  all  tlie  assistance  ntvessary  in  the  |K*r- 
formancc^  of  their  work. 
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Next  to  the  supervisor  in  authority  comes  the  monitor.  This 
ofiicial  sits  at  a  desk  so  as  to  be  in  constant  conimunication  with 
the  switcliboard.  She  is  required  to  take  up  all  matters  of  com- 
j)laint  by  the  subscribers,  to  furnish  any  information  that  may  be* 
re(iuired  by  the  subscriber,  and  to  complete  connections  that  the 
operators  have  found  impossible  to  complete.  The  number  of 
monitors  required  varies  with  the  size  of  the  office,  but  is  seldom 
over  four,  and  usually  two. 

Next  highest  in  authority  is  the  chief  operator,  already  re- 
ferred to,  who  is  somewhat  analogous  in  her  relations  to  the  oper- 
ating force  as  the  first  mate  of  a  ship  is  to  the  sailors.  She  sits 
at  a  desk  somewhat  similar  to  that  of  the  monitor,  so  as  to  be  in 
constant  touch  with  the  operating  force.  Her  duties  are  many  and 
various.  First  of  all,  she  is  the  person  to  whom  the  force  report 
directly.  She  watches  the  work,  and  is  the  first  to  note  any  defects 
therein.  She  receives  the  reports  from  the  supervisors  and  moni- 
tors and  acts  on  them.  She  is  directly  responsible  to  the  manager 
for  the  manner  in  which  the  traffic  of  the  office  is  carried  on.  All 
calls  for  the  manager  are  given  to  her,  and  it  is  her  duty  to  deter- 
mine whether  to  handle  them  herself  or  turn  them  over  to  the 
manager  for  .his  action. 

The  night  force  is  presided  over  by  a  night  manager  who  has 
the  rank  of  chief  operator.  The  night  force  is  not  so  large  as  that 
employed  in  the  day,  and  as  a  result  no  night  supervisors  are 
needed.  Only  one  night  monitor  is  required  and  no  night  chief 
operator.  The  manager  should  see  to  it,  first  of  all,  that  he  pro- 
vides liimself  with  the  proper  kind  of  a  chief  o[)erator.  This  done, 
one  half  of  the  battle  for  go(Kl  operating  is  won.  lie  should  then 
BUjHMvise  caiefully  the  work  of  the  chief  operator,  in  selecting  the 
proper  o])erators,  8U})ervisor8,  and  monitors.  He  should  select  such 
assistants  as  will  best  help  him  in  his  work. 

The  hours  of  the  operating  force  are  divided  as  follows;  Half 
of  the  day  force  reports  at  7  A.  M.  and  the  other  half  at  8  A.  M. 
The  half  that  report  at  7  A.  M.  are  relieved  at  5  P.  M.  The  sec- 
ond half  is  split  up,  the  majority  reporting  at  8  A.  M.,  but  a  small 
number  rejxirting  at  {)  A.  M.  and  remaining  till  7  P.  ]\f.  The 
hours  for  reporting  usually  change  every  week  so  that  thi>se  oper- 
ators who,  during  the  first  week,  report  at  7  A.  M.  will,  during 
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the  second  week,  re|>ort  at  8  or  0  A.  M.  The  new  operators  are 
formed  into  a  relief  8(}nad  which  rejxirts  at  4  P.  M.  and  remains 
till*l>  P.  M.  Art  tile  ojH'rators  in  this  squad  show  increased  pro- 
ficiency they  are  pronjoted  to  the  rejtfular  force.  In  some  exchanges 
the  night  force  consists  of  lK)y«  from  16  to  21  years  of  age.  But 
it  has  been  found  after  repeate<i  trials  tliat  girls  give  letter  results 
than  l>oys,  as  they  are  more  tractahlr.  ho  that  they  are  iK-ing  use<l 
more  an»l  iiumv  every  year.  The  night  force  rejK»rts  at  7  P.  M.. 
and  remains  till  7  A.  M. 

-Thene  hours  set'ia  very  long,  and  are  in  actual  fact.  IJut  a 
great  deal  of  time  during  the  mi(l<ile  of  the  night  is  given  to  the 
oj)erator8  to  sKvp  so  th.at  the  strain  is  not  as  great  as  would  seem 
at  first  sight.  The  telephone  com|)anies  select  these  long  hours  so 
that  the  girls  will  not  be  compelled  to  l»e  on  the  street  at  any  un- 
seasonable hour. 

Tlie  operators  are  divided  into  two  groups.  Those  that  an- 
swer the  8ul)scril)er  lines,  called  subscriber  or  "A"  o|)erators,  and 
those  that  handle  the  incoming  trunks,  called  the  trunk  or  "  B  '' 
o|)erators.  Iji  offices  where  there  is  situated  a  toll  board,  there 
e-xists  a  third  group  called  the  toll  operators.  The  work  per- 
formed by  each  of  these  groups  differs  in  detail  from  that  performed 
by  the  others.  The  subscrlln'r  oj)erator8  have  to  deal  with  the 
jmblic,  and  therefore  must  be  well  schoole<1  in  soothing  rufileil 
temjiers  and  the  like.  They  must  also  be  instructeil  in  the  pn»j)er 
method  of  answering  tjiiestions.  In  answeringcalls  a  certain  formula 
must  1h3  gone  through  with,  which  will  be  descril)e<l  directly.  In 
the  early  days  the  operator  uskI  to  answer  the  8nbscril)er^8  call  by 
saying  ''Ilello".  But  within  the  jiast  five  or  six  years  this  custom 
has  iH'endiscontinutHl.and  the  oj)erators  instructed  to  substitute  the 
word  "XuiiiIkt",  so  that  to-day,  in  all  well  regulatetl  exchanges  the 
operator  answers  the  subscriljers  call  by  saying  "  Numl)er"  with  a 
rising  inflection.     The  o|)erator  then  gives  the  num])er  re<juiretl. 

There  are  two  metluMls  of  o{)erating,  one  ustni  with  the  iiuifj. 
neto  ityHtein^  and  the  other  with  the  common  hittfry  Mi/aftin.  That 
used  with  the  magneto  system  will  l)e  explainetl  first.  In  explain- 
ing  the  various  metlio<ls  of  oj)eratiiig,  the  multiple  IkmihI  only  will 
Im*  considertHl,  since  all  metluHis  applicable  to  this  are  also  a|>pliea- 
ble  to  the  standard  or  sulHlividiHl  board. 
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Tliere  are  in  all  five  classes  of  cfiUs:  J^^trtut^  those  for  sub- 
scribers in  the  same  exchange  as  the  calling  subscriber.  Second^' 
those  for  subscribers  in  otlier  exchanges  reached  over  a  ring-down 
trunk.  Th'inl^  those  for  subscribers  in  other  exchanges  reached 
over  a  ring-down  trunk  through  sojne  intermediate  exchange. 
Fimrth^  calls  for  subscribers  in  other  exchanges  reached  over 
circuit  trunks.  Fifih,  calls  for  subscribers  reached  through  the 
toll  board.  A  system  followed  now  by  nearly  every  telephone 
company  is  to  give  three  classes  of  service.  First, ^«^  rc/r^^,  ac- 
cording to  which  the  subscriber  is  charged  a  fixed  rate  per  year  for 
unlimited  service.  Second,  nx-MHaf/e  rate, 
according  to  which  the  subscriber  is  charged 
a  fixed  rate  per  year  which  is  regulated  by 
the  number  of  calls  made.  Third,  j)^'!/  ''^t"- 
fion,  according  to  which  the  subscriber  pays 
for  each  call  made  at  the  time  of  makintj  the 
call.  It  is  obvious  that  a  record  must  l>e 
kept  of  all  message-rate  and  pay-station  calls 
made,  while  no  record  need  be  kept  of  the  flat 
rate  calls.     The  method  of  keeping  record  of 


FROM 

TO 

TIME  CONNECTED 


TIME  DISCONNECTED 


Fif,'.  2.">3.  the    calls  is  by  filling  out  a  ticket  such  as 

shown  in  P'ig.  253,  on  which  opposite  the 
word  "From"  is  written  the  number  of  the  call  in  g  subscriber's 
line;  and  opposite  the  word  "To"  is  written  the  number  of  the 
line  called  for.  Pay  station  calls  are  limited  in  time  to  five  min- 
utes, so  that  two  additional  blanks  on  the  ticket,  one  headed  "Time 
Connectetl",  and  the  other  "Time  Disconnected",  have  to  be  filled 
out  in  this  case. 

('onsider  now  the  first  case  in  which  the  called  subscriber  is 
in  the  same  exchange  as  the  subscriber  calling.  The  operator 
having  plugged  into  the  answering  jack,  and  said  "Number"  with 
a  rising  inflection  as  already  described,  listens  intently  to  the  re- 
quest of  the  calling  party.  Assume  that  500  calls  for  4930.  The 
operator  takes  up  the  calling  plug  and  touches  the  rim  of  the 
multiple  jack  on  4930.  If  the  busy  test  is  obtained,  the  operator 
says  to  500r  "They  are  busy".  If  upon  touching  the  jack  no 
busy  test  is  obtained  the  plug  is  pushed  into  the  jack  and  4930  is 
ning  up.     The  listening*key  can  be  adjusted  all  this  while  so  as  to 
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cut  ill  the  operator's  telephone,  bat  the  operator  must  be  very 
careful  not  to  have  more  than  one  listening  key  so  adjusted  at  the 
name  time,  else  the  two  cord  circuits  will  l>e  connectcil  throutjli  her 
telephone  and  cross-talk  will  result.  When  the  called  party  has 
answere*!  the  ojH*rator  says:  *'  Are  you  4t>H0  V\  and  U|)on  recA-ivinj^ 
the  attirmative  answer  says:  "(io  ahead,"  and  the  two  |)artie8  In'^in 
conversation.  Tlie  ojK'rator  should  8U|K*rvise  the  connection  from 
time  to  time  in  order  to  s<'e  that  the  suhscrilnMs  are  able  to  con- 
verse properly,  and  also  to  determine  M-hether  or  not  they  have 
finished.  This  latter  |K)int  is  made  ntvessary  by  the  j»o«sibility  of 
the  8ubscril)ers  for^ettinj^  to  rinj^  off.  This  sujiervisin^  consists 
merely  of  temj)orarily  throwing  the  listeninir  key  on  each  cord 
circuit  U|M>n  which  there  is  a  connection.  If  the  operator  in  so 
su]H«rvisinir  should  hHp|H'n  to  listen  in  on  a  cornuftion  ovt-r  whicii 
there  is  no  cotivcrsation  she  should  ask:  "Are  you  waitinj^r'  and 
after  a  |wius<*'.  "Are  you  through?"  If  no  res|H)nse  is  obtained 
she  should  then  take  down  the  conne(*tion. 

It  often  hapjH'Us  that  the  ojK'mtor  has  to  aiiswff  m-\it;iI  culLs 
at  once.  In  doiiiir  so  she  should  answer  each  callinif  snliscriU-r  in 
turn,  before  making  any  attempt  to  mise  any  of  tho  subscriliers 
calle<l  for.  AVhen  the  last  subscrilnT  has  lM*en  answ»'re<l,  she  should 
thi'ii  start  in  and  raise  the  snbscriln'rs  cuIIimI  for  in  the  ord»r  in 
which  she  has  received  the  calls.  AVhen  the  jMtrty  cjilUil  for  does 
not  answer  the  telejihone,  the  call  is  rejK)rted  as  a  "Don't  An- 
swer", and  given  to  the  monitor  for  fnrther  trial.  If  the  calleil 
subscriber's  line  is  out  of  order  so  that  he  cannot  l>e  raisetl,  the 
fact  is  so  re[iorted  to  the  calling  subscriber.  All  eases  of  '*  Don't 
Answer"  or ''Out  of  Order"  are  reported  as  lost  calls,  and  the 
ticket  marked  with  across.  One  of  the  greatest  problems  in  ojier- 
ating  is  to  reduce  the  percentage  of  lost  calls.  Should  the  openitor. 
through  confusion  or  any  other  cause,  plug  into  the  wrong  jack 
and  call  the  wrong  party,  she  should  allow  the  plug  to  remain  in 
the  jack  until  the  called  subscriber  answers,  and  then  say  :  '•  Ex- 
cust^  thi^t,  please",  after  which  she  is  free  to  withdraw  the  plug  and 
call  on  the  ])roj)er  line. 

The  next  case  to  1h«  c.onsi«lere<l  is  tiiat  in  wliieh  the  calhilfor 
subs<.TilH*r  is  in  another  e.\ehang«'  reach«*<l  over  :i  ring-down  trunk. 
The  subscriU-r  ojK-rator,  having  answered  the  call,  tests  with  the 
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til)  of  tlio  calling  pliig  of  a  different  pair  of  cords,  usually  tbe  one 
adjacent  to  that  used  for  answering,  the  rings  of  all  the  jacks  on 
the  trunks  to  the  required  exchange,  until  one  is  found  that  is  not 
occupied.  The  calling  ])lng  is  inserted  into  this  jack  and  the 
trunk  rung  on.  AVhen  the  operator  at  the  distant  exchange  an- 
swers, the  first  o|)erator  asks  for  the  required  nunil)er,  and  if  the 
line  is  not  in  use  the  connection  is  plugged  up  and  the  called  sub- 
scriber rung  up  by  the  operator  at  the  distant  exchange.  When 
the  called  subscriber  answers,  the  operator  at  the  originating  office 
asks  :  "What  number";  and  upon  learning  that  it  is  the  one  re- 
quired, quickly  substitutes  for  the  calling  plug  then  in  the  trunk 
jack,  that  one  forming  the  mate  to  the  answering  plug  in  the  call- 
ing subscriber's  jack,  thus  giving  him  a  connection  through.  This 
method  of  using  the  cords  is  called  :  "Using  split  cords",  and  is 
done  to  prevent  the  calling  subscriber  from  hearing  the  connection 
put  through  to  the  distant  office,  which  would  tend  to  confuse  him. 
This  connection  is  supervised  by  the  operator  at  the  originating 
office  in  the  manner  already  described.  When  the  conversation  is 
completed  and  the  calling  subscriber  rings  off,  the  originating  0])er- 
ator  goes  in  and  says  "  Are  you  waiting  i?"  "  Are  you  through  T' 
and  upon  hearing  no  response,  pulls  out  the  answering  plug  from 
the  answering  jack  and  rings  on  the  trunk.  When  the  operator  at 
the  distant  office  answers  she  is  told  to  clear  the  connection,  which 
she  promptly  does. 

One  great  defect  in  the  ring-down  trunk  system,  when  a  large 
number  of  trunks  are  required  between  two  offices,  lies  in  the  fact 
that  it  is  often  very  difficult  for  an  operator  to  secure  an  unoccupied 
trunk.  Say,  for  example,  there  are  ten  trunks  to  the  required  ex- 
change, and  that  sbb  starts  testing  at  the  first  one  and  finds  it 
busy;  she  then  passes  to  the  next  one  and  finds  that  busy,  and  so 
on.  By  the  time  she  has  reached  the  eighth  jack  the  first  one  may 
be  cleared.  But  if  upon  reaching  the  tenth  and  finding  that  busy, 
she  starts  over  again,  the  first  trunk  may  have  been  taken  up  before 
she  again  tests  the  jack,  so  that  when  she  does  it  for  a  second  time, 
she  again  finds  it  busy.  It  has  been  known  that  operators  have 
tested  over  a  strip  of  jacks  in  this  way  three  or  four  times  before 
an  idle  trunk  is  found. 
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The  tliinl  caw*  is  that  in  which  the  callctl-for  8u!>8crilH»r  must 
be  reached  over  rinoj-down  trunks  through  an  intermediate  ex- 
change. Call  the  exciiange  in  which  the  call  originates  A;  the 
interiiuHliHte  exchange,  1';  and  the  exchange  in  w.hich  the  rwjuired 
suhscriUM's  line  terminates,  ('.  From  A  there  are  direct  ring- 
down  trunks  to  B,  and  also  from  B  to  C.  But  there  are  no  direct 
trunks  to  ('  from  A.  The  subscrilnT  operator  at  A,  having  an- 
swered  the  call  and  ascertaine^l  the  required  numl»er,  plugs  in  on 
a  trunk  to  B,  after  having  testetl  as  alrea«ly  descrilnxl.  A  split 
cord  is  use<l.  When  the  o|)erator  at  B  answers,  the  one  at  A  says: 
"(tive  me  a  wire  to  C\  The  ojMTHtor  at  B  thereujKin  testa  over 
tlie  trunks  to  C  in  the  manner  already  descrilxHl  and  finding  one 
unoccupie<l,  ])luga  in  and  rings.  Split  cords  are  not  used.  When 
the  ojierutor  at  V  answers  she  finds  herself  in  direct  communica- 
tion with  A  and  ivceives  her  rerjuest  for  the  numl>er  re<]uire<l 
The  other  details  of  the  connection  are  identical  with  those  already 
descrilxnl.  AVhen  the  conversation  is  completed,  the  operator  at  A 
rings  on  the  trunk,  and  when  the  o|>erator  at  B  answers,  directs 
her  to  clear  the  connection.  This  operator  thereupon  rings  on  the 
trunk  to  C  and  directs  that  operator  to  clear  the  connection.  This 
is  called  the  famfetn,  trunk  method  and  is  used  very  much  in  toll 
business  to  small  towns  and  villages.  Tt  is  also  used  a  great  deal 
by  the  Long  Distance  C'om|)any. 

The  fourth  case  is  that  which  is  universally  used  in  all  large 
cities,  on  account  of  the  rapidity  with  which  business  can  be 
handled  by  it.  It  covers  the  condition  in  which  the  called-for 
sul  scnber  is  in  a  distant  exchange  reached  over  a  circuit  trunk. 
The  subscriber  operator  as  usual,  having  answered  the  calling  sub- 
scriber and  learneil  his  wish,  throws  the  listening  key  so  as  to  cut 
herself  off  from  hi^^  line  and  goes  in  on  the  order  key  to  the  re- 
quired exchange  and  asks  for  the  numl>er  requiretl.  ISup|>ose  that 
the  Bubscrilter  at  No  750  Conrtland  wishes  to  talk  to  the  snb8cril)er 
at  No  r>T'>0  .3Sth  St  ,  the  subscnU'r  oj)erator  at  Conrtland  St.  hav- 
ing answereil  auvl  leurneil  the  re<^uest,  would  go  in  on  the  oi*der 
circuit  to  38th  St  and  say  "5700  for  Courtlami  St."  The  trunk 
ojH'rator  at  the  latter  exchange  would  then  assign  the  trunk  by 
calling  back  over  the  circuit  "  Number  5,"  or  "Take  it  on  Num. 
ber  5,*'  Number  5  being  the  trunk  that  she  is  going  to  use.    After 
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iissiiniliio;  the  trunk,  the  trunk  oj>erator  touches  tlie  riii^  of  tlio 
multiple  jack  on  line  No  5700  to  see  whether  or  not  it  is  in  use. 
Assuming  that  the  line  is  not  busy,  she  pushes  the  plug  into  the 
jack  In  the  meantime  the  A  operator  at  Courtland  St  Jjlugs  into 
the  multiple  jack  on  trunk  No.  5,  using  a  split  cord.  AVhen  the 
incoming  trunk  cords  are  e(]uij)ped  with  ringing  keys,  the  trunk 
operator  rings  the  calWl  subscriber.  But  when  these  are  wanting 
the  A  oi>erator  does  the  ringing.  In  either  case  when  the  called 
subscriber  answers,  the  A  ojwrator  assures  herself  that  he  is  the 
right  party  by  asking  his  numl)er  and  then,  quickly  replacing  the 
plug  in  the  trunk  jack  with  the  mate  to  the  one  in  the  answering 
jack,  completes  the  connection.  The  connection  is  cleared  in  the 
manner  already  described. 

The  A  operator  in  ordering  up  the  connection  should  be  very 
careful  and  listen  on  the  circuit  before  passing  the  call,  to  ascertain 
whether  or  not  ar)y  other  call  is  being  passed  at  the  same  time.  If 
this  b«^  neglected,  she  might  interrupt  some  other  call  on  the  same 
circuit.  Under  these  conditions  the  result  would  sim])ly  be  con- 
fusion to  the  trunk  oj)erator,  and  both  calls  would  have  to  be 
•    re])eated. 

Where  the  trunks  are  not  .equipped  with  disconnect  signals, 
tlie  same  ])recaution  should  be  observed  by  the  A  operator  in  order- 
ing down  connei'tions,  and  for  the  same  reason.  Where  the  dis- 
connect signals  are  in  use,  the  circuit  is  used  only  for  ordering  up. 

The  fifth  case  is  that  in  which  the  called  subscriber  is  at  a 
toll  ]K)int  and  must  be  reached  over  the  toll  board.  There  are  two 
conditions:  First,  where  the  call  originates  at  a  local  otiice  for 
the  toll  point;  and,  second,  where  the  call  originates  at  the  toll 
[)oint  for  the  subscriber  at  the  local  exchange.  The  method  of 
operating  under  the  first  condition  is  identical,  whether  the  calling 
subscriber  is  in  the  same  exchange  as  that  in  which  the  toll  board 
is  placed,  or  whether  he  is  in  a  different  exchange.    It  is  as  follows: 

The  subscriber  having  given  the  call  to  the  A  operator  who  answers 
him,  she  goes  iu  on  an  order  circuit  lo  a  special  operator  caileti  the  Record- 
ing Operator,  and  placed  in  the  exchange  with  the  toll  board.  The  duty 
of  thiH<)peratori8to  receive  the  calls  for  toll  points  and  to  make  out  tickets 
The  call  having  been  passed,  the  A  operator  withdraws  the  answering  plug 
from  the  answering  jack  and  attends  to  other  business  The  recording 
operator  in  the  meanwhile,  having  entered  on  the  ticket  the  number  of  the 
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ealliiiKHUbKcriber'Hlineaud  the  nuiiil)erurtliecalle<l  fiui>iicriber'i(liiie  at  tlie 
toll  |M>int,  patuHio  tUe  ticket  to  the  toll  o|)erator  who  liaiidlefl  tlie  t4>ll  truiikH 
to  thi8  point  TbiH  o|>erator  goeH  in  on  the  order  circuit  to  the  exchange 
at  which  the  call  onKiuate<l,  and  orders  up  the  calling  Huhttcriber'M  line, 
which  in  done  in  the  niani>er  already  de8cril>e<l  for  circuit  trunk  operation. 
Tlie  toll  o|)erator  plu)(M  the  annwering  c«>rd  into  the  trunk  jack.  While 
the  connection  over  the  circuit  trunk  \h  Iteini;  made,  the  toll  o]»erator  pluf^ 
the  calling  curd  into  the  jack  of  the  tlrnt  uncKfupied  toll  line,  an<l  ringing, 
callH  the  o|>erator  at  the  toll  {xiint.  When  thiH  o|>erator  anHwers,  the  calleil 
HUI>Hcril>er'M  nunil>er  in  given  an<l  the  connection  put  through  in  the  usual 
way  The  toll  operator  thu^t  handler  the  call, throughout,  noting  the  time 
during  which  converHation  \n  held. 

When  the  converHation  iHcomplete<l,  the  toll  oi>eratur  withdrnwH  the 
plug  from  the  l<H-al  trunk  jack,  thus  givnjg  the  disconnect  Hignal  to  tlie 
trunk  operator  at  that  |>oint,  if  the  truiikM  are  so  e^ioipped.  If  not  she 
must  go  back  on  the  circuit  and  onler  the  connection  cleare<l.  She  then 
riiigH  on  the  toll' line  and  when  the  oi>erator  at  the  distant  point  answers, 
orderx  the  connection  cleare<}. 

From  tlu'  for»'ijoin<r  it  will  Im  evident  that  from  the  lime  that 
tlie  A  0|HM'ator,  after  liavinir  transmitted  tlie  c«ll  over  the  riH'ord- 
iiijj  circuit,  withdraws  her  answering  P^"f?  from  the  answerinj^ 
jack,  iij)  to  the  time  that  the  trunk  o|K'rator  takes  up  the  eallinj; 
suhserilH'r's  line,  this  line  havin<^  no  plni]f8  in  either  the  inuitiiih^ 
or  answerinj^  jacks,  would  not  show  husy  to  any  other  oiKMator 
who  tested  it.  If,  therefore,  during  this  period,  a  call  conu*s  in 
for  the  calling  suhscrilH'r's  line,  it  will  l)e  taken  up  hy  either  an  A 
or  B  ojierator  as  the  case  may  l)e.  So  that  when  the  trunk  op-r- 
ator  re<vives  the  call  from  the  toll  o|)erator  to  put  the  connection 
up,  8li«  will  rejKirt  the  line  busy  As  a  result  of  all  this,  the 
calling  suhscrilier,  instead  of  getting  hold  of  the  toll  jicint  requiretl, 
gets  the  suhscriU'r  who  is  calling  for  him  This  jieriod,  during 
which  the  calling  subscriber's  line  is  unprotecte<l,  is  called  the 
^tttfjuartled  interval. 

With  the  introduction  of  the  common  battery  system,  a  device 
was  introtluced  with  a  view  towards  jirotecting  the  calling  sub- 
scriln^r'a  line  durin<r  the  unguardtnl  interval.  Thoui:h  common 
battery  operating  baa  not  yet  been  touchetl  on,  this  device  will  be 
explaiiunl  here  for  convenience. 

It  consists  of  a  siKfially  designcil  cord  circuit,  the  J»lug  of 
which  is  introiluced  by  the  A  operator,  as  she  transmits  the  call 
over  the  recording  circuit,  into  the  answering  jack,  and  is  not 


283 


270 


TELEPHONY 


removed  until  the  trunk  operator  takes  up  the  connection.  Tliis 
circuit  is  called  the  Tone  test  circuit,  and  is  wired  as  shown  in 
Fig.  254.  The  tip  and  n**-^  of  the  ping  are  connected  to  battery 
through  the  re*^"  '  ..on  coil,  the  ring  strand  having  a  relay,  of  the 
type  u««''  ^11  the  A  operator's  cord  circuit,  in  series.  Tlie  shank 
of  the  plug  is  connected  to  battery  through'the  secondary  winding 
of  a  transformer,  a  liO-ohni  resistance  coil,  the  15-ohni  coil  of  a  dif- 
ferentially M'onnd  relay,  and  the  coil  of  a  second  supervisory  relay. 
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Fig.  254. 


The  primary  winding  of  the  transformer  is  connected  through  a 
150-ohm  resistance  to  the  terminals  of  an  alternating  machine  a. 
When  the  A  operator  has  received  the  call  from  the  calling 
subscriber,  and  just  before  withdrawing  the  answering  plug,  she 
directs  him  to  hang  up  the  receiver,  so  that  when  the  tone  test  })lug 
is  inserted,  the  receiver  is  on  the  hook.  Ko  current,  therefore, 
flows  through  the  retardation  coil  Current  flows,  however,  through 
the  140-ohm  resistance,  the  15-ohm  winding  of  the  differential 
relay,  and  the  coil  of  the  6-ohm  supervisory  relay,  to  ground 
through  the  cut-off  relay  on  the  calling  subscriber's  line.  The  6- 
uhm  relay  Ijecomes  energized,  and  a  path  is  formed  through  its 
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armature  and  contact  fur  the  current  to  {mss  through  the  18(Kohiii 
coil  of  the  differential  relay  to  ground.  The  two  coilg  of  thi«  relay 
iH'ing  in  o|»j)osition,  it  is  not  energiztil,  Thti  dir»*ct  current  from 
tlie  battery.  |>a:>sing  through  the  transfornuM'  U'comcs  alternating, 
and  therefore,  when  the  tone  test  J)lug  ia  inserte*!  in  a  jack,  this 
alternating  current  Wing  thrown  on  the  ring,  any  o|H*rator,  touch- 
ing the  ring  to  get  the  l»usy  test,  will,  insteatl  «)f  getting  the  usual 
click,  hear  the  humming  noise  proilueed  thereby. 

All  oj)erator8  are  instructeil  to  regard  this  *•  tone  test"  in  the 
same  light  as  the  busy  test,  with  the  exception  of  the  trunk  o|H'r- 
ator  whc  Teeeives  the  call  from  the  toll  board.  She  recognizes  in 
it  the  fact  that  the  line  is  l>eing  held  up  for  the  toll  call  and  inti-o- 
duces  the  trunk  plug  into  the  jack.  When  the  trunk  operator 
thus  takes  up  the  line,  the  current  from  the  shank  of  the  trunk 
plug  tlows  along  the  wire  attached  to  the  rings  of  the  jacks,  till  it 
reaches  the  one  in  which  is  inserted  the  tone  test  plug.  From 
here  it  flows  down  the  shank  wire,  through  the  O-ohm  relay  to  the 
common  terminal  of  the  two  windings  on  the  differential  relay, 
thence  throuixh  the  liJO-olim  coil  to  ijround  throujrh  the  armatu?e 
and  contact  of  the  r>-ohm  relay. 

Since  the  current  flowing  through  the  lo-ohm  coil  must  still 
flow  through  the  13()-ohm  coil  to  ground,  it  remains  the  same  in 
amount  as  before.  The  current  j)assing  through  the  6-ohm  relay 
is  greater  in  amount  and,  therefore,  the  magnetizing  effect  of  the 
130-ohm  coil  becomes  greater  than  that  of  the  15-ohm,  hence  the 
relay  becomes  energized.  When  this  hap|)ens,  the  armature,  touch- 
ing the  contact,  forms  a  circuit  through  the  lamp  marked  *'Disc. 
Sig.",  which  lights.  Upon  seeing  this  the  A  operator  removes  the 
tone  test  plug.  Should  the  calling  subscrilier  require  attention 
during  the  unguan-liHl  interval,  he  has  only  to  riMuove  the  receiver 
from  the  hook,  and  the  120-ohm  8U|)ervi8ory  relay  is  energized, 
closing  the  circuit  through  the  lamp  marke<i  "Sub.  Sig."  I'jm)!!  see- 
ing this  lamp  light,  the  A  operator  removes  the  tone  test  plug,  and 
again  answers  the  subscriln-r  with  the  ordinary  answering  plug. 

With  the  intro(iuction  of  the  common  battery  system  aud  the 
resultant  system  of  automatic  signals,  the  methoils  of  o|ierating 
were  changed  in  some  cases.  In  a  general  way.  the  oj)erators  were 
rt'lieve<l  largely  of  the  necessity  of  sujiervising  calls,  and  the  work 
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MAS  in  itjany  instances  considerably  exj)etlited.  The  j)rinci[)al 
cliHii«re  has  taken  place  in  the  work  of  the  A  o|)erator.  This  should 
be  divided  into  three  classes: 

Kirnt,  eallH  in  wliifli  the  calliiiK  and  called' Kul>Kcriber's  lines  are  in 
tlie  Hunie  excIiHii^e.  Second,  tlio.se  in  wliicii  tiie  called  Kiih.scriher'K  line 
i«in  a  «liirerent  exclmnjfe  of  the  nia>?neto  type,  reached  by  circuit  trunks. 
TliinI,  those  in  whicli  tlie  called  Bubscriber's  line  is  in  a  different  ex- 
clmnKe  of  tlie  common  battery  type  reached  over  circuit  trunks. 

The  ring-down  trunk  o|)eration  and  the  toll  o{)eration  are  the 
same  as  already  described. 

Takino;  the  first  case,  the  o])tnator  answers  the  callin»r  sub- 
scriber with  the  answering  cord,  which  action  automatically  puts 
out  the  line  lamp  as  has  been  shown  previously.  Upon  the  sub- 
scriU-r  giving  his  call,  the  ringing  j)lug  on  the  same  cord  circuit  is 
inserted  in  the  called  subscriber's  multiple  jack,  after  it  has  been 
tested  for  busy,  and  the  subscrilier  rung  up.  When  the  plug  is 
inserted  into  this  jack,  the  receiver  being  on  the  hook,  the  supervis- 
ory lamp  lights.  When  the  called  subscriber  answers,  this  lamp  is 
shunted  out.  Dui'ing  the  conversation  the  two  8Uj>ervisory  lamps 
arc  out.  AVhen  the  subscribers  hang  the  receivers  up  after  coui- 
jdrliiig  tln'ir  conversation  tlu^  sujjcrvisory  lamj)S  light,  each  one 
indej)endent  of  the  other.  Should  one  of  the  subsci'ibers  wish  to 
call  the  attention  of  the  operator  so  that  another  call  might  be  put 
through,  it  is  done  by  merely  moving  the  hook  up  and  dow;i,  when 
the  supervisory  lamp  on  the  cord  connected  with  his  line  is  flashed, 
thus  calling  the  attention  of  the  ojjerator.  When  the  two  super- 
visory lamps  light  at  the  completion  of  the  conversation,  the  oper- 
ator clears  the  connection,  without  listening  in  to  inquire  whether 
the  parties  are  through. 

The  second  case  is  that  in  which  the  called  subscriber's  line 
is  in  a  different  exchange  of  the  magneto  tyjje,  reached  over  circuit 
trunks.  The  method  of  ])Utting  up  the  connection  is  identical 
with  that  already  described  except  that  split  cords  are  not  used. 
When  the  conversation  is  completed  and  the  subscribers  hang  up, 
the  supervisory  lamp  on  the  answering  cord  lights,  but  the  super- 
visory signal  on  the  calling  cord  remains  shunted  out  on  account 
of  the  fact  thai  llii!  tiiiiik  is  closed  throu<{h  the  repeatiiur  coil  at 
the  incoming  end.     When  the  first  supervisory  lamp  lights  the  A 
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operator  takes  down  the  connection,  tlins  givinj;  the  digconnect 
signal  to  the  trunk  o[»erator  who  clears  also. 

The  third  mse  is  that  in  which  the  distant  ottice  is  of  the  coni- 
nion  hatterv   tvin?  anil    reached  by  circuit    trunks.      Here  the  con- 

»  *    I  » 

nection  is  put  up  in  the  manner  already  descriU'd.  At  the  com- 
jdetion  of  the  conversation,  when  the  8uhscril)erK  hang  up,  Inrth 
snjMTvisorv  lau»ps  light  just  as  if  Inith  suhscrihers'  lines  terniinate<l 
in  the  same  oHice.  AVlien  the  A  o|>enitor  clears  out,  the  discon- 
nect signal  is  given  on  the  tnink  and  the  trunk  operator  clears  also. 
Before  closing  the  suhjti't of  ojK*rating  in  a  l<K*al  exchange  a  word 
should  l)e  said  relative  to  the  duties  of  the  trunk  o|)erator. 

In  one  resj)ect  the  duties  of  a  trunk  oj)erator  are  easier  to  per- 
form, than  those  of  the  subscriber  operator;  in  another  respect 
thev  are  the  op|)osite.  The  trunk  Ojierator  does  not  deal  with  the 
subscriU^r,  and  is  therefore  free  from  the  nervous  strain  consequent 
Uj)on  this  class  of  work.  On  the  other  hand,  in  exchanges  in  which 
the  |)ercentage  of  trnnked  calls  is  above  forty,  the  trunk  operator 
is  re<|uired  to  work  more  rapidly  than  the  8ubscril)er  oj)erator. 
Again,  the  trunk  oj)erators  have  to  receive  the  calls  from  the  sub- 
8cril)er  o|)erator8  who  are  always  in  a  hurrj-  to  complete  the  con- 
nection. As  a  result  they  must  l>e  very  careful  to  receive  the  c^dl 
correctly,  which  is  matle  all  the  more  difficult  from  the  fact  that 
the  numliers  are  calle<l  off  very  fast,  and  different  calls  come  in,  in 
ra|>id  succession. 

It  often  happens  that  two  or  more  Aoj>erators  go  on  the  same 
onler  circuit  at  the  same  instant  to  order  up  ditferent  con nei't ions, 
with  the  result  that  the  trunk  oj)erator  is  able  to  hear  only  a  con- 
fustnl  jumble.  She  must  remain  C(H)1  under  these  trying  conditions, 
and  Ih*  ready  to  put  up  the  first  intelligible  order  that  comes. 
Wrong  connections  are  sometimes  put  up,  either  iKvause  the  A 
(>{H'rator  has  made  a  mistake  or  IxKrause  the  trunk  o|K'rator  has 
heard  wrongly.  The  result  is  that  the  A  oj)erator,  after  finding 
the  mistake,  has  to  go  biu'k  on  the  circuit  a  second  time,  usually 
in  a  not  very  pleasant  frame  of  niind.  and  order  up  the  proper 
connection. 

The  frame  of  mind  al>ove  referre«l  to  is  ustially  ventwl  at  the 
trunk  operator,  but  she  must  remain  a  jR*rft*ct  automaton,  as  far 
as  tem|H*r  is  concerned,  and  attend   strictly  to  business.     lastly, 
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where  the  jwrcentage  of  tninked  calls  is  above  50,  the  trunk  oper- 
ators  must  work  fasttT  than  the  A  operators. 

Long-Distance  Operating  partakes  of  some  special  features 
which  will  be  meiitionecl  directly.  Calls  handled  by  the  Long 
Distance  operating  department  are  divided  into  three  classes. 
First,  calls  from  local  subscribers  to  long-distance  points.  Sec- 
ond, calls  from  long-distance  points  to  local  subscribers.  Third, 
through  calll<.  ('alls  from  local  subscribers  to  toll  ])oint8  are,  as 
far  as  the  subscriber  o])erators  are  concerned,  handled  in  the  same 
manner  as  those  to  local  toll  points.  The  A  operator,  after  having 
answered  the  subscriber,  passes  the  call  over  a  special  order  circuit 
to  the  receiving  operator  in  the  long-distance  exchange,  plugs  the 
tone  test  into  the  subscriber's  multiple  and  withdraws  the  answer- 
ing ])lug.  The  receiving  operator,  whose  duties  are  the  same  as 
those  of  the  recording  operator  at  a  local  toll  board,  makes  out  a 
ticket  v.ith  the  number  of  the  calling  subscriber's  line,  his  name 
and  the  name  of  the  party  called  for,  together  with  his  telephone 
number  and  the  town  in  which  it  is  situated.  This  ticket  is  passed 
to  one  of  the  recording  operators,  who,  upon  its  receipt,  goes  in  on 
an  order  circuit  to  the  proper  local  exchange  trunk  operator  and 
orders  up  the  calling  subscriber's  number.  The  connection  is  put 
up  in  the  manner  already  described  for  local  toll  connections,  the 
recording  operator  plugging  the  trunk  jack  assigned  by  the  local 
trunk  operator. 

She  then  records  the  number  of  the  trunk  used  on  the  ticket, 
which  is  passed  to  the  toll  board  operator  who  handles  the  lines,  to 
the  long-distance  point  required.  The  toll  operator  rings  on  one 
of  the  unused  toll  lines  to  the  point  required,  and  raises  the  long- 
distance operator  at  that  point.  This  latter  operator  proceeds  to 
get  the  called  subscribers  in  the  manner  that  will  be  described  for 
incoming  calls  from  toll  points. 

In  the  meantime,  the  calling  subscriber's  line,  together  with 
the  trunk  to  the  local  exchanges,  is  held  by  the  recording  operator. 

AVhen  the  called  subscriber  has  been  reached  by  the  toll  line 
operator  she  plugs  the  answering  plug  into  the  local  trunk  whose 
number  has  been  written  on  the  ticket,  and  rings  the  calling  sub- 
scriber, who  in  the  meantime  has  hung  up  his  telephone,  t  pon 
the  subscriber  again  answering  he  finds  himself  in  communication 
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with  tlio  |M)int  required.  When  the  toll  line  oj)t»rator  j»lug8  into 
the  trunk  which  is  Iwing  held  hy  the  recording  oj)erator  the  visual 
on  the  latter's  cord  circuit  is  shown,  whereu|>on  the  reconling  oper- 
ator withdraws  the  plug  from  the  trunk  jack.  When  the  conver- 
sation is  conipleted,  the  visual  is  thrown  on  the  toll  line  ojK'rator's 
C4)rd  hy  the  calling  sul)scril»er  hanging  up.  The  toll  line  oj>erator 
then  releases  the  Icx'al  trunk,  and  ringing  on  the  toll  line,  directs 
the  ojterator  at  the  distant  end  to  ch*ar  the  connix'tioii. 

Calls  from  toll  jM)ints  to  l(K'al  suhscrilnTS  are  handled  as  fol- 
lows: It  innst  Uf  reniemlKM'eil  that  tht>  call  is  handK*<l  in  the  origi- 
nating exchange  in  the  manner  alrea<ly  descril>e<I.  When  the  toll 
trunk  is  rung  UjK)n  at  the  distant  exchange,  the  toll  ojHMator  an- 
swers, and  upon  learning  the  numlier  required,  goes  on  the  order 
circuit  to  the  projH^r  exchange  and  orders  the  trunk  oj)erator  to 
put  up  the  connection,  which  is  done  in  the  regular  way.  The  toll 
o|)erator  plugs  into  the  trunk  assigned  and  the  connection  is  com- 
plete.    The  connection  is  cleare<i  in  the  manner  already  descriljed. 

Tlirough  calls  are  handled  in  the  following  manner:  SupjKise 
that  a  call  from  a  toll  {K)int  M  comes  in  for  a  toll  |)oint  N,  which 
has  to  jMiss  through  the  exchange  in  question.  The  o{)eratorat  M 
rings  on  a  toll  trunk  and  is  answere<l  hy  the  proper  oj»erator. 
After  learning  the  details  of  the  call,  a  ticket  is  made  out  with  the 
calltnl  an<l  calling  points,  and  |M*srted  to  the  through  hoard  oj>erator. 
The  ticket  also  contains  the  numU'r  of  the  toll  trunk  U|»on  which 
the  call  has  come  in.  The  through  l>oard  ojH'rator  selects  an  idle 
trunk  to  N  aiul  rings.  AMien  the  operator  at  N  answers,  the  de- 
tails of  the  call  are  given.  The  through  hoard  ojKMutor  then  plugs 
the  answering  J)lug  into  the  assigntil  toll  trunk  from  M,  com- 
pleting the  circuit.  When  the  trunk  to  M  is  taken  up  at  the 
through  hoanl,  the  visual  is  thrown  on  the  c<ird  circuit  of  the  toll 
o|)erator  holding  it,  mIio  thereujion  clears  out. 

TELEPHONE   SYSTEMS. 

Under  this  hen<ling  is  in(lude<l  all  methofjs  of  wiring  tele- 
phone circuits  which  ix)88e88  special  features,  distinct  from  the 
general  featun'8  of  tj'lephoiu^  wiring.  Sonu'  of  thes*;  systems  an* 
simple,  and  sonn*  of  them  an?  vi»ry  complex.  Some  coiuvni  only 
*ho  wiring  of  the  subscriber's  telephone,  and  some  of  thum  coucvni 
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the  wiring  of  the  whole  exchange.  Of  the  vast  number  of  tele- 
phone systems  tliat  have  been  introduced  from  time  to  time,  only 
those  will  be  considered  that  jxissess  distinctive  features  and  that 
have  proven  themselves  by  experience  to  jXDSsess  decided  advantages. 

The  origin  of  the  telephone  system  seems  to  have  been  the 
desire  to  connect  two  or  more  subscribers  on  the  same  line.  The 
first  stej}  in  this  direction  was  taken  when  the  bridging  bell  was 
invented,  as  has  already  been  explained.  The  system  which  pro- 
vides for  the  wiring  of  two  or  more  telephones  to  the  sam(;  line  is 
called  a  Party  Line  System;  and  a  line  which  carries  two  or  more 
telephontis  is  called  a  Party  Line. 

The  simjilest  party  line  system  that  can  be  devistnl  is  that  in 
which  the  telephones  are  bridged  across  the  same  line.  In  Tel(;i)h- 
ony,  Part  I,  it  was  shown  what  was  the  limit  to  the  number  of 
bells  that  could  be  successfully  bridged  to  the  same  line,  looked  at 
from  the  standjxjint  of  the  electrician.  It  will  now  be  necessary 
to  inquire  what  are  the  limits,  if  any,  other  than  electrical,  govern- 
ing the  number  of  telephones  that  can  be  successfully  used  on  a 
party  line.  In  this  discussion  the  party  line  circuits  in  Telephony, 
Part  I,  should  be  referred  to.  It  will  be  evident  that  when  any  one 
subscriber  calls  the  o^Xirator,  or  when  the  operator  calls  any  one  sub- 
scriber, all  the  remaining  subscriber  telephone  bells  ring.  Therefore, 
a  system  of  signaling  has  to  be  used,  in  order  that  when  the  oix;r- 
ator  rings,  each  subscriber  will  know  when  his  attention  is  recjuired. 

The  form  of  signal  used  is  a  given  number  of  rings  of  the  bijll. 
For  instance,  the  first  subscriber's  signal  will  be  two  rings  of  the 
bell;  the  second,  three  rings;  the  third,  four  rings;  the  fourth,  five 
rings,  etc.  Sometimes  the  duration  of  the  "ring"  is  varied.  For 
instance,  the  signal  for  the  first  subscriber  may  be  two  short  rings; 
the  second,  one  long  and  one  short  ring;  the  third,  two  long  rings; 
the  fourth,  one  short  and  one  long  ring.  As  the  number  of  sub- 
scriber's telephones  on  the  line  increases,  the  number  of  signals 
must  increase,  until  a  point  is  reached  at  which  the  signals  have 
either  become  so  complex  that  the  operator  has  difficulty  in  remem- 
bering them,  or  else  they  take  so  long  to  ring  that  a  serious  loss  of 
time  results,  or  th(;  subscriber  has  difficulty  in  recognizing  them. 

ExiKTience  has  shown  that  in  large  cities,  and  generally  where 
the  calling  rate  is  above  three  per  day,  four  telephones  is  all  that 
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can  be  bridged  on  one  line,  consistent  with  good  resnlts.  It  should 
be  remembered  that  during  the  time  that  any  one  subscriber  is 
using  the  instrument,  the  other  subsorilx-'rs  cannot  get  service.  So 
that  the  greater  the  number  of  subscribers  on  a  line,  the  larger  will 
be  the  interval  during  which  any  one  of  them  will  be  denied  the  use 
of  the  line. 

With  this  syst<!m  the  different  stations  are  denoted  by  letters 
of  the  alphabet.  The  first  st<ition  is  denotitl  by  A,  and  thi*  wcond 
by  13.  With  the  object  of  R«'lrctiiij^  a  letter  which  has  a  different 
vowel  sound  from  eithiT  A  or  15,  the  thinl  station  is  denotetl  by  F, 
and  the  fourth  by  I. 

The  usiuU  code  of  signals  made  use  of  is  as  follows: 

When  the  operator  winhes  to  call  A,  two  r\UK**  are  u«e«l.  -  Tliree 
riii^  call  15;  four  riiijfs,  F;  and  live  riiiKM  I.  When  any  one  of  tlie  ^ul»- 
avribefH  wiitheti  to  uall  the  operator,  one  ring  in  used. 

The  great  disadvantiige  of  this  system  lit*s  in  the  fact  that, 
when  any  one  subscriber  is  wantetl,  the  bells  are  rmig  at  all  the 
remaining  stations,  and  also  is  this  the  case,  when  any  one  sub- 
scriber wisht»8  to  call  the  oix^rator.  This  condition,  while  never 
pli'iisjint,  Ix'comes  a  source  of  si-rious  annoyance  when  one  of  the 
stiitions  requires  all-night  ser\ice,  and  the  others  are  situated  in 
private  houses. 

Recognizing  this  i)oint,  telephone  engineers  st't  to  work  some 
tiuu'  ago  to  devise  some  systeuj  whereby  each  station  could  be  rung 
inilependently  of  the  others,  and  the  operator  could  be  called  with- 
out disturbing  the  remaining  subscribers.  It  was  further  recc^iizetl 
as  an  additional  disadvantage  that  when  the  various  stations  were 
merely  bridgetl  across  the  line,  each  subscriber  was  f  n»e  to  listen  to 
the  conversations  of  the  others  by  merely  lifting  the  receiver  from 
the  hook  and  holding  it  to  the  ear.  Of  the  many  systems  developetl 
to  overcome  the  first  mentioned  disiidvantiige,  the  most  elaborate, 
and  at  the  same  time  the  only  one  that  overcame  the  second  defect 
was  that  known  as  the  B.  W.  C.  system. 

It  is  so  nanuil  from  the  fact  that  these  thri'e  letters  represent 
the  first  letters  of  the  names  of  the  three  inventors,  Messrs.  Barrett, 
Whitt«'more  and  Cmft,  at  that  time  in  the  engin<>ering  deiKirtment 
of  the  Ami*rican  Ti'U'phone  and  Telegraph  Co.  The  principle  u|N>n 
which  it  worketl  consistetl  of  the  fact  that  the  telephone  bells  were 
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so  wired  that  each  one  would  resixJiid  only  when  the  ringing  cur- 
rent was  passed  through  the  coils  in  the  XJrojx^r  direction.  The 
system  accommodated  six  telephones  on  a  line.  In  the  center  of 
the  door  of  the  bell  box  was  a  circular  opening  about  1  inch  in 
diameter.  When  any  one  of  the  telephones  were  in  use  a  white 
disc  with  the  words:  "Line  in  Use"  was  automatically  dis^Jayed  in 
front  of  this  oixsning  on  the  remaining  five  instruments.  When 
the  ri'ceiver  was  hung  up,  the  signal  on  the  others  disapix-ared 
This  was  calletl  the  lockout  signal,  and  when  it  w'as  displayed  the 
hook  switch  was  automatically  held  down,  so  that  the  conversation 
could  not  be  listened  to. 

The  wiring  of  the  bells  is  shown  in  the  following  figures:     In 
Fig.  255  is  shown  the  outline  of  the  system,  illustrating  the  prin- 
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ciples  uj^xju  which  the  operation  is  based.  Here  a  and  h  represent 
two  sides  of  the  line,  which  are  known  as  the  a  and  h  side;  c  and 
d  represent  the  coils  of  two  polarized  relays,  thfe  middle  point  being 
grounded.  At  e  is  the  battery  which  may  be  connected  to  the  line 
in  any  one  of  the  following  ways: 

The  positive  pole  to  the  a  side  of  llie  line,  aii<l  the  negative  pole  to 
groimd,  caiiHiiij?  the  current  to  tlovv  through  the  coil  <•  to  ground.  The 
negative  pole  to  a  and  the  i»o.sitive  i)ole  to  ground,  eauning  the  current  to 
How  in  the  same  circuit,  hut  in  the  ojjposite  direction.  The  positive  i)oIe 
of  the  hattery  to  the  h  side  of  the  line  and  the  negative  to  ground, 
causing  the  current  to  flow  over  theft  side  of  the  line  and  through  the  coil 
d  to  ground.  The  negative  pole  of  the  battery  to  the  h  side  of  the  line, 
and  the  positive  to  ground,  causing  the  current  to  flow  over  the  same  cir- 
cuit, but  in  the  opposite  direction.  The  positive  pole  of  the  battery  to  the 
a  side  of  the  line  and  the  negative  to  the  h  side,  causing  the  current  to  flow 
through  the  two  coils  in  series.  The  jiegative  pole  to  the  a  side  of  the  line 
and  the  positive  to  the  h  side,  causing  the  current  to  flow  over  the  same 
circuit,  but  in  the  opiiosite  direction. 

By  i)rojx'rly  connecting  the  l\vo  iclny  coils  together  and  also 
to  line,  the  bell  may  be  made  to  respond  to  any  one  of  these  com- 
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binntioiis.  Tliero  aro  other  combinations  that  could  bt;  uitule,  but 
these  six  an;  all  that  are  used  in  connection  with  this  system. 

The  battery  used  for  ringing  consists  of  thret;  banks  of  80 
volts  of  Leolanche  biittery  each ;  the  first  on<?  having  the  negative 
ix>le  groundwl,  the  second  having  tht;  ixjsitive  pole  groundtxl,  and 
the  thinl  connected  uii»tallic.  The  keyboard  circuit  is  so  wired 
that  any  one  of  those  banks  can  Ix?  rut  in  at  will. 

The  wiring  of  the  b<'ll8  will  next  be  con8idere<l.  From  the 
nature  of  the  combinations,  the  same  bell  wiring  will  answer  for 
stations  1  and  3.  The  same  wiring  for  stations  2  and  4  and  the 
wmie  for  sUitions  5  and  (5.  So  that  only  3  differc>nt  forms  of  bell 
wiring  are  retiuired  for  six  stations. 

Figure  25(5  shows  the  wiring  for  stations  1  and  3.  The  bell 
box  is  e(iuipiJ»Hl  with  thnn*  binding  xx)sts;  the  two  outside  ont»s 
b<'ing  for  the  lin<>  and  the  center  on;^  for  the  ground  connection. 
From  the  right-hand  binding  jwst  the  liiu*  jjasses  down  through 
the  upjx'r  hinge  of  the  door,  to  and  through  the  right-hand  2(X)- 
ohm  coil,  to  the  upper  magnet  coil;  thence  through  the  upper  500- 
ohm  coil  to  the  left-hand  upper  contact  at  the  heel  of  the  switch. 

The  receiver  being  on  the  hook,  contact  is  made  at  this  point 
with  the  switch,  from  which  the  current  ptisses  through  the  200- 
ohm  coil'  to  the  middle  binding  post,  and  thence  to  ground.  The 
aniuiture  of  the  magnet  and  the  contact  ix)int,  when  touching,  form 
a  short  circuit  around  the  upjx^r  magin't  coil.  When  no  current  is 
following,  the  ix)lari'/etl  relay  attracts  the  armature  away  from  the 
contact,  so  that  this  shunt  circuit  is  open. 

When  theoiH-rator  rings  No,  1,  the  current  is  sent  out  over  the 
a  side  of  the  line  to  the  right-hand  binding  jxjst,  and  thence  to 
ground  through  the  circuit  already  tractxl.  The  action  of  the  cur- 
rent jjassing  through  the  upper  magnet  coil,  repels  the  armature 
till  it  touches  the  contact,  closing  the  short  circuit  and  dntwing  all 
the  current  from  the  coil.  The  eU'ctromagnetic  field  is  then'fore 
reduwxl  to  zero,  and  the  armature,  acting  under  the  influence^  of 
the  permanent  field  is  again  attracttxl  away  from  the  contact  ix>int. 
Din*ctly  this  hapix'ns,  curn-nt  again  flows  through  the  uppT  coil, 
and  the  same  process  is  n'lx'atetl.  In  short,  tin*  annature  acta  like 
a  buzzer  and  rings  the  bell. 
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When  current  is  passed  through  from  the  left-hand  binding 
post,  it  follows  the  internal  wiring  through  the  lower  coil  to 
ground.  The  action  of  this  coil  is  to  keep  tlie  armature  away 
from  the  contact,  thus  preventing  the  bell  from  ringing.  This 
would  be  the  condition  when  No.  3  was  rung.  When  No.  2  is  rung,* 
the  current  is  passed  through  the  upx)er  coil  in  the  opposite  direc- 
tion, with  the  result  that  the  armature  is  kept  away  from  the  con- 
tact and  the  bell  does  not  ring.  The  same  conditions  prevail 
when  No.  4,  No.  5  and  No.  6  are  rung,  so  that  it  will  be  seen  that  the 
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bell  at  No.  1  resix)nds  oidy  to  its  i^roper  current.  By  connecting 
the  a  side  of  the  line  to  the  left-hand  binding  post,  the  bell  re- 
six)nd8  to  tin;  combination  for  No.  3. 

The  wiring  of  tht?  bell  used  at  stations  2  and  4  is  identical  with 
that  of  No.  1  and  No.  3,  with  the  exception  that  the  magnet  coils 
are  wound  in  the  opposite  direction.  When  the  bell  is  used  for 
station  No.  2,  the  a  side  of  the  line  is  connected  to  the  right-hand 
binding  post,  thus  causing  the  current  to  flow  through  the  upper  coil, 
which  makes  the  bell  ring  in  the  manner  already  described.  Thus 
the  bt^U  is  irresjxjnsive  to  the  ringing  current  for  any  other  station. 

In  Fig.  257  is  shown  the  wiring  of  the  bell  used  for  stations  5 
and  G.     It  will  be  seen  that  the  wiring  is  different  from  that  already 
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iloscribetl.  It  will  be  remembered  that  the  ringing  circuit  for  thi'se 
two  stutious  is  metallic.  From  tht;  right-hand  binding  ix>st,  the 
circuit  goes  to  the  upix-r  hinge  on  th««door,  and  from  thence  through 
the  upjxT  yOO-ohm  coil,  tlic  right-liand  20()-ohni  coil  to  the  right- 
hand  magnet  winding,  through  which  it  jjasses  to  the  hook  switch. 
Passing  through  the  switch,  it  nins  through  the  left-hand  contact 
to  the  K'ft-hand  magnet  coil,  the  l(>ft-hand  2(X)-ohm  coil,  the  lowiT 
*.>00-ohm  coil,  the  lower  hinge  and  out  at  the  left-hand  binding  ixjst. 
Current  pissing  through  the  magnet  coil  in  this  direction,  rings 
the  Ix'll  in  the  manner  alrea<ly  tlcscrilx'*!.  When  th(r  <Mirri'nt  is 
IxissLH.!  through  in  the  opixjsite  direction,  the  niat^rut  armature  is 
uttracted  and  the  bell  does  not  ring. 
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Fig.  257. 

When  this  bell  is  used  for  station  No.  6,  thert  side  of  the  line  is 
connectetl  to  the  left-hand  binding  post.  It  will  now  be  necessary  to 
describe  the  manner  in  which  the  subscribers  call  the  central  office. 

In  Fig.  258  is  shown  the  wiring  of  a  line  entering  the  exchange. 
A  4- volt  battery  is  connecttxl  to  the  line  drop,  which  is  differentially 
wound.  The  current  passes  out  through  one  winding  of  the  drop, 
through  the  bell  circuit  at  the  instruments,  and  returning  on  the 
opix>site  side,  jjasses  through  the  other  winding.  The  two  wind- 
ings of  the  drop  being  opposed  to  each  other,  the  magnetic  effect 
of  one  is  neutralized  by  that  of  the  other,  so  that  the  drop  is  not 
thrown.  Wh<'n  th<?  re<*eiver  is  removetl  from  the  hook,  howeve.. 
at  any  one  sUitioii,  the  h(K)k  switch  in  moving  upwanl  makes  rul.- 
biug  contiict  with  two  springs.     Directly  this  ha])iK>us,  the  current 
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from  the  4-volt  battery  passes  through  one  side  of  the  drop  and  to 
ground,  through  the  middle  binding  post,  the  circuit  being 
made  through  these  contacts.  When  the  hook  switch  reaches  its 
highest  i»int,  this  contact  is  again  broken,  and  remains  so  during 
the  conversation.  The  current  jmssing  in  this  way  through  only 
one  winding  of  the  drop,  the  differential  effect  is  lost,  and  the  shut- 
ter thrown.     The  drop  is  self- restoring. 

In  Fig.  259  is  shown  the  wiring  of  the  ojx^rator  cord  circuit, 
where  the  a  and  h  sides  of  the  line  are  shown  at  a  and  h. 

The  B.  W.  C.  System  has  some  advantages  and  many  disadvan- 
tages, some  of  which  were  supixjsed  to  be  esi^ecially  strong  features 
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Fig.  258. 


by  the  inventors .  Among  the  advantages  may  be  mentioned — First : 
Selective  ringing.  This  feature  has  been  shown  to  be  the  strong- 
est one  that  the  system  possesses,  and  it  paved  the  way  for  the 
inventions  in  this  direction.  Second:  in  small  towns  and  villages, 
it  gives  a  cheaj)  and  comparatively  good  service. 

Among  its  disadvantages  may  be  mentioned — First:  The 
apparatus  both  of  the  telephone  and  switchboard  ai:e  very  compli- 
cated, and  it  is  imix)ssible  to  obtain  inspectors  with  sufficient  edu- 
cation to  properly  maintain  either  for  the  pay'  that  the  companies 
are  willing  to  give.  Second :  The  keyboard  wiring  is  so  compli- 
cated that  only  one  set  of  keys  is  provided  for  each  operator, 
with  which  she  is  comijelled  to  ring  on  all  cords.  This  necessarily 
tends  to  slow  up  the  service.      Third:  The  complicated  k(^yboard 
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wiring  umk(>u  it  iinix)8Hibio  to  pruvido  incouiiiig  trunk  8iK;tion8,  as 
with  only  one  set  of  keys  to  n  trunk  oijerator,  this  would  have  to 
Ix?  iistnl  on  all  the  tnnik  cords  in  this  position,  which  would  be 
prohibit  ivt'. 

Tho  switchbotmls  are  therefore  made  up  into  standanl  sections 
of  from  80  to  100  lines  each,  and  the  system  of  oi)erating  is  iden- 
tical with  that  employed  in  connection  with  the  standard  switch- 
iKNird.  This  feature  limits  the  caiwcity  of  the  office  to  000  lines  or  0 
sections.    As  a  result  in  large  citit^s  the  system  is  not  at  all  applicable. 

Fourth:  The  "Lock-out*'  device  which  was  supposed  to  be  the 

b 


Fig.  259. 

strong  jx)int,  proved  to  be  directly  the  opposite,  and  for  the  follow- 
ing rejison: 

When  the  lock-out  signal  is  destroyed,  the  subscriber,  should  he 
desire  to  use  tlie  teleplione,  lias  no  uieans  of  listening  on  tlie  line  to 
assure  himself  tiiat  tlie  line  is  actually  in  use.  He  must  wait  until  the 
signal  disappears.  His  natural  suspicion  of  cor(M>rations  leads  him  to 
believe  that  the  company  has  devise<I  some  s(>heme  to  )>revent  him  using 
the  line  according  to  the  contract,  and  lie  therefore  writes  a  letter  of 
complaint  to  that  etrect. 

?>o  serious  a  source  of  complaint  has  this  become  in  some  castas, 
that  the  lock-out  device  had  IxtMi  abandonwl,  and  the  subscribers 
allowtni  to  listen  in  at  will.  Exix'rience  has  shown  therefore  that 
while  the  sele^'thw  feature  of  the  8y8t<MU  is  a  succt'ss,  the  other 
featun'S  are  not,  and  as  a  wliolw  the  system  dtx's  not  seem  to  have 
a  very  bright  future. 

The  selective  systems  to  be  describetl  dint-tly  have  ri'tainetl 
the  selective  feature,  but  discarde<l  the  others.  A  very  simple  and 
efficient  selective  system  is  one  which  provides  for  two  parties  on 
a  line,  and  is  wired  up  as  shown  in  Fig.  200.     Each  cord  circuit 
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lx)tli  for  tho  A  oix'rators  and  B  oix'rators  is  equipped  with  a  six'cial 
riii^iii^  key  wliicli  tlirows  the  free  side  of  a  grounded  alternating 
mat^hiiu^  on  either  side  of  the  line.  This  system  was  introduced 
contemporaneously  with  the  common  battery  system.  The  diagram 
shows  the  regulation  cord  circuit  plugged  into  a  jack  on  a  subscrib- 
er line,  to  which  is  wired  two  stations;  for  simplicity  the  line  and 
cut-off  relays  are  not  shown,  as  they  play  no  part  in  the  operation 
of  the  system.  The  ringing  key  will  be  seen  to  be  made  up  of  two 
halves,  each  one  a  duplicate  of  the  other.  The  ringing  current 
generator  a,  one  side  of  which  is  grounded,  is  wired  to  the  outside 
contficts  of  both  halves.  The  inner  jwints  of  the  right-hand  half 
are  strapped  to  the  opposite  middle  contacts  of  the  left-hand  half. 
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Fig.  2G0. 

If  the  right-hand  half  of  the  key  is  used,  the  free  side  of  the  gen- 
enitor  is  thrown  out  on  the  ring  of  the.  plug,  while  if  the  left-hand 
half  of  the  key  is  used,  the  free  half  is  thrown  out  on  the  left  tip 
of  the  plug.  In  both  cases  the  opposite  side  of  the  line  is  grounded. 

At  A  and  B  are  shown  two  telephones,  the  former  having  the 
condenser  wired  to  the  ring  contact  line  of  the  jack,  and  the  latter 
having  the  condenser  wired  to  the  tip  contact  of  the  jack. 

Suppose  that  the  right-hand  half  of  the  ringing  key  is  depressed. 
The  free  side  of  the  generator  being  thrown  on  the  ring  of  the  plug, 
the  current  therefrom  passes  out  on  that  side  of  the  line,  and  upon 
reaching  the  telephone  at  A,  flows  through  the  condenser  and  bell 
coils  to  groimd  at  g  ringing  the  bell.  Passing  on  to  B  the  current 
finds  an  open  circuit  at  the  hook  switch.    If  the  left-hand  half  of 
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the  key  i§  used,  the  current  flows  out  on  the  tip  side  of  the  line, 
and  upon  reaching  B,  flows  through  the  condenwr  and  boll  coils  to 
ground  at  g^  thus  ringing  thu  lx>ll.  This  current  u{x)n  reaching  A, 
finds  an  open  circuit  at  the  hook  switch.  The  bells  are  thus  rung 
selectively. 

A  very  good  form  of  jiarty  selective  system  has  been  devised, 
which  is  more  complicated  than  that  already  described,  and  oper- 
ates upon  a  somewhat  different  principle.  That  this  principle  may 
be  understood  proi)erly,  it  will  bo  necessary  to  return  for  a  moment 
to  the  consideration  of  the  natun*  of  an  alternating  current. 

An  alternating  current  is  usually  defined  as  one  that  rises  from 
zero  to  a  maximum  in  one  dinn^tion,  then  dies  away  gradimlly  to 
zt»ro;  it  then  increases  gradually  in  the  opposite  direction  to  a 
maximum,  after  which  it  again  gradually  dies  away  till  zero  is 
reached.  That  is,  if  one  of  the  terminals  of  an  altoniating  current 
generator  is  reganled  at  the  inst<int  of  the  beginning  of  the  cycle, 
the  current  will  begin  to  flow  with  a  gradually  increasing  density 
from  the  machine  out  on  the  line.  After  the  instant  of  maximum 
flow  has  been  jxissod,  the  current  density  gradually  diminishes, 
mitil  it  dies  out,  but  still  continues  to  flow  in  the  same  direction. 
When  the  instant  that  the  current  density  reaches  zero  has  been 
passed,  it  starts  to  flow  in  the  opposite  direction,  that  is,  from  the 
line  towards  the  machine,  until  its  density  has  again  reached  a 
maximum,  after  which  it  dies  away  until  it  again  reaches  zero. 

This  fluctuation  from  zero  through  a  maximum  back  to  zero 
again,  in  one  direction,  and  from  zero  through  a  maximum  to  zero 
again,  in  the  other  direction,  constitutes  one  wave  or  cycle. 

This  wave  may  be  regarded  as  m;ule  up  of  two  impulses:  The 
one  flowing  from  the  generator  terminal  to  the  line  and  the  other 
flowing  from  the  line  towards  the  generator.  The  first  is  called 
the  positive  impuUe;  the  second,  the  negative  impulse. 

The  operation  of  this  four- party  selective  system  consists  in 
providing  a  bell  that  will  be  rt*sponsive  to  one  of  these  impulses 
and  irresponsive  to  the  others.  In  looking  over  the  situation  it 
will  be  seen  that  four  combinations  can  be  made. 

Fir8t:Po8itiveimpu](teontheringof  the  plug  with  the  tip  grounded. 
Second.  Negative  impulse  on  the  ring  of  the  plug  with  the  tip  grounded. 
Third:  Positive  ImpulHe  on  the  tip  of  the  plug  with  the  ring  grounded. 
Fourth:  Negative  impulse  on  the  tip  of  tlie  plug  with  the  ring  grounded. 
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In  order  that  these  combinations  can  be  effected,  the  gener- 
ator must  be  so  constructed  that  one  brush  collects  ix)sitive 
impulses  only,  and  the  other  negative  impulses  only.  This  can 
readily  be  accomplished  with  the  usual  form  of  magneto  generator 
by  making  one  half  of  each  collector  ring  out  of  some  non-con- 
ducting material  such  as  hard  rubber  as  shown  in  Fig.  261,  where 
hh'  represents  the  armature  coil.  Regarding  the  side  h,  assume 
that  tne  direction  of  the  magnetic  flux  and  the  direction  of  rota- 
tion cause  the  current  to  flow  in  the  direction  of  the  arrow ;  then 
the  direction  of  the  flow  in  the  side  h'  will  be  as  indicated  by  the 
other  arrow.  Then  in  the  position  shown,  the  left-hand  brush  will 
be  positive  and  the  right-hand  one  negative.  If  the  collector 
rings  were  made  up  wholly  of  conducting  material,  then  when  the 
armature  rotates  through  90°  the  right-hand  brush  will  become 

XX)sitive  and  the  left-hand  neg- 
ative. But  if  one  half  of  each 
ring  is  made  of  hard  rubber  as 
shown  by  the  shaded  portions 
on  the  diagram,  then  when  the 
armature  coil  has  revolved  far 
enough  to  change  the  direction 
of  current  flow  in  the  side  J,  the 
brush  will  be  resting  upon  the 
insulated  portion  and  no  cur- 
rent will  flow  through  it.  Sim- 
ilarly, when  the  direction  of  cur- 
rent flow  in  the  side  h'  changes, 
the  left-hand  brush  will  be  resting  on  the  insulating  portion.  As  a 
result  the  left-hand  brush  will  receive  positive  impulses  only,  while 
the  right-hand  brush  will  receive  nothing  but  negative  impulses. 
The  ringing  key  used  in  connection  with  this  system  is  so  arranged 
that  the  positive  or  negative  terminal  is  connected  to  either  side 
of  the  line  while  the  opposite  side  is  grounded.  The  wiring  of  the 
operator's  cord  circuit  is  shown  in  Fig.  262. 

AUTOriATIC  SYSTEMS. 

Under  this  heading  is  included  all  the  systems  whereby  the 
subscriber  is  enabled  to  provide  the  proper  connections  without 
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the  assistance  of  an  o])erator.  Systems  of  this  ty{)e  have  been 
largely  U8t*d  for  some  years  for  what  is  known  as  fKnine  servirf, 
which  means  interc'onnt»ction  In'tween  offices  in  the  same  buildint/ 
or  the  like.  Automatic  systems  have  also  l)een  devised  for  general 
use.  In  this  connection  the  exchange  is  equipjHHl  with  the  auto- 
matic switching  device,  and  no  o|K*rator8  are  re<juired.  These 
latter  systems  do  not  give  much  promise,  as  the  cost  of  the  instal- 
lation is  away  l)eyond  that  of  the  ordinary  type  of  switch- 
boards; while  the  cost  of  maintenance  is  also  excessive.  F'or  ex- 
ample, the  cost  of  a  50-line 
switchboard  installed  with 
auxiliary  apparatus  is  alK)Ut 
SoOO.fM),  while  the  cost  of  an 
automatic  switchboard  of 
the  same  capacity  is  about 
$3,000.00.  The  annual 
charge  against  an  exchange, 
including  operator's  salaries, 
heat,  supplies,  maintenance, 
but  not  rent,  is  about 
$1,()00.(K).  The  automatic 
system  has  not  been  in  use 
long  enough  to  enable  one 
to  get  a  very  correct  idea 
of  the  cost  of  maintenance. 
But  experience,  shows  that 
it  is  fully  equal  to  the  above- 
mentioned  figure,  and  may, 
in  some  cases,  even  exceed 
that.  For  house  service, 
liowever,  the  automatic  system  is  ver\'  successful  and  is  used  ex- 
tensively. 

Among  the  best  adapted  systems  of  this  class  is  the  one  which 
is  shown  in  Fit;.  2()8.  Here  are  shown  four  instruments  connected 
together.  The  wiring  of  the  telephone  is  the  same  as  that  of  those 
designed  for  general  use.  Each  instrument  is  equipped  with  a 
series  bell  and  magneto  generator.  One  side  of  all  the  instruments 
is  wired  to  a  common  return  wire,  in  addition  to  which  there 
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extends  between  each  one  and  its  fellows,  the  same  number  of 
wires  as  there  are  instruments,  and  each  one  terminates  in  the 
contact  of  the  switch  placed  at  each  station.  These  contacts  are 
arranged  on  the  circumference  of  a  circle,  over  which  the  switch 
lever  passes.  The  heel  of  the  switch  lever  is  permanently  con- 
nected to  the  opposite  terminal  of  the  instrument.  These  contact 
points  are  numbered  to  correspond  with  the  number  of  the  station 
with  which  they  connect.  When  the  telephone  is  not  in  use,  the 
switch  lever  should  be  left  on  the  contact  whose  number  corre- 
8{)onds  with  that  of  the  instrument. 

Referring  to  the  figure.  Suppose  that  station  No.  1  wishes 
to  call  station  No.  2.  The  switch  lever  at  station  No.  1  is  moved 
from  contact  No.  1  to  contact  No   2  and  the  generator  turned. 


Fig.  263. 
The  ringing  current  flows  from  the  generator  at  No.  1,  along  the 
common  return  to  station  No.  2,  thence  through  the  generator  and 
bell  to  the  opposite  side  of  the  lever.  Passing  through  the  switch 
lever  which  rests  on  contract  point  No.  2,  the  current  flows  along 
wire  No.  2  to  the  No.  2  contact  at  switch  No.  1,  and  through  the 
switch  lever  through  the  bell  back  to  the  generator.  Transmission 
is  carried  on  over  the  same  circuit.  If  the  party  at  No.  1  desires  to 
communicate  with  station  No.  3,  the  switch  lever  is  moved  to  con- 
tact No.  3  and  the  party  rung  up.  The  circuit  is  made  up  of  the 
common  return  wire  to  station  No.  8,  thence  through  the  instru- 
ment to  the  switch  lever.     Passing  through  the  switch  lever  to 
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contact  No.  3,  it  follows  the  Hue  to  contact  No.  3  at  stJAtioii  "So. 
1,  from  which  it  passes  through  the  switcli  lever  to  the  o|j|K>8ite 
side  of  the  telephone.  By  the  same  method  each  one  of  tho  other 
stations  can  call  any  of  the  others.  In  the  figure  No.  1  is  in  posi- 
tion to  call  iij)  No.  4. 

From  the  nature  of  the  wiring,  it  will  be  seen  that  when  a 
telephone  is  not  in  use,  the  switch  lever  must  l)e  always  left  on  the 
contact  whose  numl)er  corresponds  to  that  of  the  station.  Tliat  is, 
at  Htatiou  No.  1,  the  switch  lever  must  be  left  on  contact  No.  1, 
while  the  instrument  is  not  in  use;  at  station  No.  2  the  switch 
lever  must  be  left  on  No.  2,  etc. 

Consider  Mlmt  would  happen  if  this  were  not  done.  Su[){)Ose 
that  through  carelessness  or  other  cause,  the  switch  at  ITo.  1  were 
left  on  contact  No.  4,  and  that  station  No.  4  wished  to  call  up  No. 
1,  The  j>arty  at  No.  4  would  move  the  switch  lever  to  contact 
No.  1  and  ring,  but  under  these  conditions  the  circuit  would  be 
o|)en  at  the  contact  at  station  No.  1,  so  that  this  station  could  not 
Ik*  calleil.  It  is,  however,  possible  to  arrange  the  wiring  so  that  a 
station  will  get  a  ring  even  if  his  switch  is  not  on  the  home  station 
point,  although  it  must  be  placed  there  before  conversation  can  Ije 
carried  on. 

One  defect  of  this  system  lies  in  the  contact  buttons  of  the 
switches.  IJeing  exposed  to  the  air,  they  are  apt  to  become  cov- 
eretl  with  dust,  and  thereby  the  electrical  contact  is  made  very 
poor,  in  fact,  it  sometimes  hap|)ens  that  the  dirt  accumulation  is  so 
thick  as  to  prevent  contact  from  being  made  at  all.  To  overcome 
this  defect,  the  switches  are  sometimes  replaced  by  jacks  and  plugs. 
Under  these  conditions  each  station  is  equip{)ed  with  a  small  l>ox 
containing  the  same  number  of  jacks  as  there  are  stations.  Each 
Jack  is  numlH-rtnl  to  corres|)ond  to  the  numl>er  of  the  station  to 
which  it  is  wiretl.  To  call,  the  plug  is  inserted  into  the  pro[)er 
jack  and  the  generator  turned.  When  tlie  telephone  is  not  in  use 
the  plug  is  left  in  the  jack  corresponding  to  the  number  of  the 
station.     Tliis  jack  is  called  the  home  jack. 

Varit)us  devices  have  Ihhmj  brought  forward  from  time  to  time 
with  the  object  of  doing  away  with  the  necessity  of  returning  the 
switch  t<»  the  home  contact,  or  placing  the  plug  in  the  home  jack. 
The  most  successful  of  these  is  the  one  put  forth  by  the  lloltzer- 
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Cabot  Company,  of  Boston,  Mass.  The  feature  of  this  system 
consists  of  an  automatic  mechanism  which  causes  the  switch  lever 
to  return  to  the  home  button  or  contact,  when  the  receiver  is  hung 
up.  In  addition  it  also  makes  use  of  a  common  signaling  wire. 
The  mechanism  of  the  a])paratus  is  shown  in  Fig.  264.     The  hook 

switch  and  the  switching 
mechanism  are  contained  in  a 
box,  on  the  outside  of  the  door 
of  which  is  placed  the  switch 
lever  and  the  contact  buttons. 
Outside  of  the  latter  and  in- 
sulated from  them  is  a  metal 
arc-shaped  piece,  which  the 
end  of  the  lever  does  not  nor- 
mally touch;  but  by  pressing 
the  lever,  electrical  contact 
can  be  made  between  the  two. 
To  this  arc  is  connected  the 
common  call  wire.  Fastened 
to  the  shaft  of  the  switch 
lever,  and  placed  inside  of  the 
box  is  a  ratchet  wheel  a  into 
which  fits  a  pawl  J,  held  in 
place  by  a  spiral  spring  c. 
The  hook  switch  is  shown  at 
d  and  has  its  heel  equipped 
with  a  hard  steel  dog  e  pivoted 
at  f.  This  dog  is  brought 
back  by  the  spiral  spring  g  to 
the  position  shown.  The 
ratchet  wheel  a  is,  when  left 
free,  rotated  clockwise  by  a  coiled  spring  (not  shown). 

The  receiver  being  on  the  hook,  the  party  wishing  to  call 
moves  the  lever  till  it  touches  the  proper  contact  button,  and  press- 
ing it  till  it  makes  contact  with  the  arc,  calls  the  desired  party. 
As  the  lever  is  rotated  so  is  the  ratchet  wheel,  and  the  pawl  retains 
it  in  the  projHjr  position.  When  the  receiver  is  hung  up  again,  as 
the  heel  of  the  switch  moves  up,  the  dog  e  engages  in  a  notch  at 


Fig.  264. 
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itfl  tup,  and  lifts  it  clear  off  the  ratchet  teeth.  Tlie  ratchet  wlieel 
thus  l)einjr  set  free  is  rotated  under  the  action  of  the  coiled  spriiif^ 
towards  the  home  {K)8ition.  Since  the  dog  e  engages  the  notch  in 
the  |>awl  only  momentarily,  as  the  heel  of  the  switch  jtasses  upward, 
it  would  slip  back  and  engage  the  ratchet  teeth  l)efore  the  wheel 
had  returned  to  the  home  position,  were  not  some  means  taken  to 
prevent  it.  To  this  end  the  pawl  is  provided  with  a  pin  A,  which 
as  it  passes  upward  engages  with  a  second  dog  /,  preventing  it 
from  again  returning  to  its  downward  position.  Tliis  second  dog 
is  tripjHHl  l>y  the  ratchet  wheel  just  as  it  reaches  the  home  position, 
allowing  the  pawl  to  fall  at  the  proper  time. 

MAINTENANCE. 

General  Remarks.  The  general  plan  of  organization  followed 
by  the  majority  of  the  telephone  companies  at  the  present  time, 
calls  for  the  following  departments: 

The  Kngitittriufj  Dejuirtment^  whose  business  it  is  to  design 
the  plant  to  be  used  and  to  sujiervise  its  construction.  The  Con. 
struction  Department^  whicli  has  to  do  with  the  building  of  the 
plant.  The  Trnjfic  DejHirtment^  which  lias  to  do  with  the  opera- 
tion of  the  plant.  The  Maintenance  Department^  which  has  to  do 
with  keeping  the  plant  in  condition  necessary  for  its  proper 
operation.  'I'he  Supply  Department^  which  is  concerned  with  the 
feeding  of  tlie  plant. 

There  are  two  other  departments  which  are  found  to  be  nec- 
essary in  all  large  com{)anie8,  and  they  are,  the  Contract  Depart' 
tnent  and  the  Iii<jht  of  Way  Dcfmrtment.  The  functions  of  these 
two  latter  are  indicated  by  their  titles.  It  is  not  the  purpose  of  this 
article  to  discuss  the  subject  of  organization,  but  to  prefix  a  treatise 
on  the  subject  of  maintenance,  by  a  few  general  remarks  on  the 
duties  performed  by  each  department  of  a  well  organized  company. 

THE  MAINTENANCE  DEPARTMENT. 

The  Maintenance  DcjHtrtinent  has  been  defined  as  that 
which  has  to  do  with  the  keeping  of  the  {)lant  in  such  shape  that  it 
can  be  proix-^rly  operated.  It  will  now  l»e  necessary  to  learn  the 
method  of  organization  and  the  nature  of  the  work  to  be  per> 
fonned,  in  order  that  the  plant  may  be  .so  maintained. 
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The  subject  of  maintenance  is  best  studied  under  the  follow- 
ing heads:  ExchaiKje  Maintertanee,  Line  Maintenance,  and  Sta- 
tion Maintenance.  The  first,  as  its  name  indicates,  treats  of  the 
maintenance  of  the  central  office  apparatus;  the  second  treats  of 
the  maintenance  of  the  line;  while  the  third  relates  to  the  main- 
tenance of  the  subscriber  telephone. 

It  should  be  mentioned  here  in  passing  that  line  maintenance  does 
not  include  the  maintenance  of  cables;  this  work  being  done  by  the  con- 
struction department  for  reasons  which  it  is  not  necessary  to  statel 

The  subject  of  central  office  maintenance  will  be  taken  up 
first,  and  in  this  connection  it  will  be  learned  how  and  where  the 
trouble  is  first  reported;  to  whom  the  trouble  rej)ort8  are  sent;  how 
they  are  recorded  and  the  trouble  tested,  and  what  steps  are  neces- 
sary to  be  taken  to  clear  the  trouble,  whether  it  be  in  the  exchange, 
on  the  line  or  at  the  station. 

METHOD  OF  REPORTING  TROUBLE. 

From  the  fact  that  the  traffic  department  oj)erates  the  plant, 
it  would  be  the  first  to  note  any  defect  in  its  condition,  and  so  alj 
trouble  reports  originate  in  this  department.  Besides  the  cases  of 
actual  trouble,  there  is  a  second  class  of  irregularity  called  "  Don't 
Answer",  which,  as  the  name  indicates,  refers  to  all  cases  in  which 
the  operator  is  unable  to  make  the  called  subscriber  answer  the 
telephone.  These  "Don't  Answers",  as  they  are  called,  are  re- 
ferred to  the  monitor  in  the  exchange  into  which  the  called  sub- 
scriber's telephone  line  runs.  If  after  trial  this  official  is  unable 
to  obtain  a  response  from  the  called  party,  the  case  is  referred, 
together  with  the  actual  trouble,  to  the  maintenance  department. 
A  record  of  all  trouble  reported  is  kept  by  the  traffic  department. 

ORQANJZATION  OF  MAINTENANCE  DEPARTMENT. 

The  method  of  organization  of  the  maintenance  department 
will  depend  largely  on  the  nature  of  the  territory  to  be  covered 
and  the  volume  of  business  to  be  handled.  A  typical  system  of 
organization  will  be  given,  liowever,  which  will  cover  all  the 
essential  features. 

The  dej>artment  is  presided  over  by  a  superintendent,  who  in 
addition  to  the  necessary  clerical  force,  should  have  the  following 
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lieutenants:  A  district  inspector,  a  foreman  of  instrument  set- 
ters, and  a  foreman  of  inspectors.  lie{X)rting  to  the  district  in- 
spector, there  should  be  in  each  exchange  a  M'ire  chief,  whose  duty 
it  is  to  test  all  trouble  rej)orted,  to  direct  the  force  of  men  who 
clear  the  trouble,  and  to  see  that  the  central  office  is  kept  in  proj)er 
condition.  The  size  and  nature  of  the  force  reporting  to  the  wire 
chief  will  dej)end  on  the  size  of  the  exchange,  and  the  extent  of 
territory  covered  by  the  district.  In  the  large  exchange,  it  will  Ixi 
found  necessary  to  provide  an  assistant  wire  chief  in  addition  to 
the  inside  trouble  men.  AVhere  there  is  an  assistant  wire  chief, 
he  is  the  man  who  does  the  actual  testing;  the  wire  chief  having 
enough  to  occupy  his  time  in  the  general  su|)ervision  and  care 
of  the  office. 

The  duty  of  the  inside  trouble  men  is  to  clear  whatever  trouble 
occurs  to  the  switchboard  and  central  office  apparatus.  The  requi- 
site number  of  these  men  will  de|)end  altogether  on  the  size  of  the 
office  and  the  volume  of  business  handled.  For  the  purpose  of 
clearing  line  trouble  a  force  of  outside  trouble  men  is  netnletl. 
These  men  must  be  linemen,  and  capable  of  handling  all  trouble 
that  occurs  to  the  open-wire  lines. 

The  instrument  or  subscriber  station  trouble  is  handled  by  a 
force  of  inspectors  who  are  familiar  with  the  method  of  operation 
of  the  various  telephone  instruments,  and  are  therefore  able  to 
keep  them  in  proper  working  order. 

The  usual  arrangement  is  to  have  the  outside  trouble  men, 
together  with  the  central  office  force,  report  to  the  wire  chief,  while 
the  inspectors  rejwrt  to  their  foreman  This  plan  is  considered  to 
be  the  best  practice,  but  is  not  always  followed. 

The  Foreman  of  Inspectors  has  under  him  his  force  of  in- 
8i)ectors,  who  keep  constant  WHtcli  over  the  subst-rilwr  stations. 
The  usual  method  is  to  divide  the  territory  into  "lloutes",  assign- 
ing an  inspector  to  each  route.  The  insj)ector  visits  constantly 
the  telephones  on  his  route,  taking  each  in  its  turn,  repairing  what- 
ever defects  he  notices,  and  keepmg  them  in  first-class  general 
working  order.  He  is  also  called  U|K)n  from  time  to  time,  as 
occasion  arises,  to  clear  whatever  trouble  may  occur  to  the  telephones 
under  his  jurisdiction.  To  this  end  he  is  nMjuiriHl  to  keep  in  con- 
stant  touch  with  the  wire  chief  of  the  exchange,  within  the  district 
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of  which  his  roate  lies.  In  cases  where  Leclanche  batteries  are 
used,  he  is  required  to  carry  in  his  satchel,  in  addition  to  the 
necessary  tools,  a  supply  of  sal  aniriioniac  and  battery  zincs.  Where 
Fuller  batteries  are  used,  he  carries  in  connection  therewith  only 
a  small  bottle  of  mercury. 

The  work  of  renewing  the  batteries  is  here  delegated  to  a  sep- 
arate force  of  "  battery  men,"  who  are  provided  with  wagons,  car- 
rying battery  acid,  zincs,  carbons,  and  jars,  and  who  are  assigned  to 
routes  similar  to  but  larger  than  those  assigned  to  the  inspectors. 
These  men  are  also  required  to  clear  special  battery  troubles,  and 
are  therefore  required  to  report  regularly  to  some  one  delegated  to 
receive  reports  of  this  nature.  Where  the  battery  route  lies  wholly 
within  oi^e  exchange  district,  the  battery  man  reports  to  the  wire 
chief.  AVhere  the  route  lies  within  the  districts  of  more  than  one 
exchange,  the  wire  chiefs  of  these  exchanges  report  their  battery 
troubles  to  an  assistant  to  the  foreman  of  inspectors,  and  the  bat- 
tery men  are  required  to  keep  in  touch  with  this  official.  Usually 
the  battery  men  come  under  the  jurisdiction  of  the  foreman  of 
inspectors  AVhere  the  work  is  very  heavy,  however,  a  special 
foreman  is  assigned  to  look  after  this  work.  Where  the  common 
batterj'  system  is  used,  the  battery  renewal  work  is  eliminated. 
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MAINTENANCE.— (Continued.) 

The  Foreman  of  Instrument  Setters  has  under  his  direction 
the  force  of  men  who  equip  the  suhscriher  stations  with  the  neces- 
sary telephones.  Their  work  consists,  in  addition  to  placing  new 
telephones,  of  renewing  and  replacing  working  telephones,  ujKin 
the  subscribers  changing  their  addresses,  lljwn  the  completion  of 
such  work  they  are  required  to  call  the  wire  chief  of  the  district 
in  which  this  work  is  done,  in  order  to  keep  him  jxjsted  and  assist 
him  in  making  whatever  tests  he  deems  necessary.  The  organiza- 
tion of  the  maintenance  department  having  thus  been  treated  in 
outline,  it  will  now  bt*  necessary  to  take  up  each  sub-department 
in  detail,  and  follow  closely  the  work  performed.  It  will  be 
assumed  that  the  student  is  familiar  with  the  nature  of  a  modern 
telephone  plant,  both  in  regard  to  circuits  and  ap])aratus  used. 
AVherever  it  becomes  necessary  to  refer  to  circuits  or  ap|>aratus  de- 
signetl  for  maintenance  purjX)ses,  these  will  be  given  in  fullest  detail. 

The  District  Inspector.  This  official  is  the  one  to  whom  the 
wire  chiefs  report.  He  should  be  a  thorough  maintenance  man, 
and  is  usually  graduatetl  from  the  position  of  wire  chief.  lie  is 
responsible  for  the  condition  of  the  exchanges  and  the  lines.  He 
receives  monthly  reports  from  each  wire  chief,  which  show  the 
number  of  troubles  reported;  the  number  of  suc^  cases  in  which 
actual  trouble  was  found  u|)on  testing;  the  number  of  such  cases 
which  were  found  to  be  without  actual  trouble  U[)on  testing;  the 
number  of  "  Don't  Answers"  reported,  and  the  number  of  these 
reports  that  proved  upon  test  to  be  cases  of  actual  trouble.  A 
report  is  also  sent  in  fnmi  each  exchange  showing  the  number  of 
troubles  cleared  by  each  trouble  man,  and  the  average  time  occu- 
pied in  BO  doing. 
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These  reports  form  a  basis  for  a  monthly  report  which  the 
Dlfttriet  Inspector  is  required  to  forward  to  the  Superintend- 
ent. The  reports  above  referred  to,  are  useful  not  only  in  de- 
termining the  character  of  the  employes'  work,  but  also  in  deter- 
mining which  j)ortion  of  the  circuit  or  apparatus  is  most  apt  to 
get  into  trouble.  From  these  reports  also,  the  requisite  informa- 
tion is  obtained  for  determining  the  size  of  force  necessary  for 
the  proper  maintenance  of  the  plant.  It  is  in  the  analysis  of 
these  reports  that  the  experience  of  the  district  inspector  becomes 
useful,  in  rendering  him  able  to  compare  the  actual  conditions 
with  those  which  should  obtain  in  an  ideal  plant.  In  addition  to 
the  handling  of  reports,  the  district  inspector  is  called  upon  to 
transmit  all  necessary  orders  to  the  wire  chiefs,  and  to  see  that 
they  are  properly  carried  out.  The  duty  of  ordering  supplies, 
and  extra  apparatus  for  maintenance  purposes  also  devolves  upon 
him,  and  he  is  the  sole  judge  of  the  amount  of  such  material  nec- 
essary to  be  kept  on  hand 

The  Wire  Chief.  The  duties  of  the  district  insjjector  having 
been  described,  it  now  becomes  necessary  to  take  up  those  of  the 
man  who  has  in  hand  the  actual  maintenance  of  the  plant,  the 
Wire  Chief.  lie  is  the  officer  on  the  firing  line  as  it  were,  and  he 
is  directly  responsible  for  the  condition  of  the  district.  Every- 
thing depends  on  the  wire  chief.  If  this  official  is  of  the  right 
caliber,  he  will  see  to  it  that  he  has  the  right  sort  of  assistance, 
and  that  his  force,  both  within  the  exchange  and  without,  attend 
properly  to  their  duties,  under  his  direction.  He  should  be  a  man 
who  is  not  only  thoroughly  familiar  with  the  details  of  the  plant, 
both  within  and  without  the  exchange,  but  also  with  the  habits  of 
the  men  of  the  class  whom  he  has  to  direct.  He  must  be  able  to  do 
all  the  necessary  testing  with  the  utmost  dispatch,  and  to  properly 
direct  the  men  in  clearing  trouble.  An  exchange  maintenance 
force  with  a  poor  wire  chief  is  like  a  ship  without  a  rudder. 

The   following   routine   business   passes    through    the  wire 

chief's  hands  : 

Testing  and  clearing  all  cases  of  trouble  within  the  exchange  dis- 
trict. Giving  the  construction  gangs  and  the  instrument  setters,  O.K. 
reports  when  their  work  is  properly  done.  Receiving  the  reports  of  the 
inspectors  and  battery  men.  Supervising  the  renewal  of  lines  that  have 
been  discontinued. 
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At  thifl  point  it  will  be  well  to  follow  the  course  of  some  of 
the  orders  which  reach  the  wire  cliief  for  final  action.  The  order 
for  a  new  line  will  l>e  taken  as  an  example. 

The  new. line  orders  are  made  out  in  the  General  Superin- 
t<  uthnVx  office  and  are  then  sent  to  the  construction  de|)artment  for 
the  ])roj)er  assii^nment  of  conductors.  The  conductor  assignment 
having  l>een  placed  u|)on  the  order,  it  is  then  sent  to  the  mainten- 
ance department,  after  the  requisite  information  has  Ixn^n  taken  off 
to  enable  the  construction  gang  to  build  the  line.  Upon  its  receipt 
at  the  maintenance-dejMirtment  office  a  duplicate  is  made  out  for  the 
foreman  of  instrument  setters,  the  original  being  sent  to  the  wire 
chief,  within  whose  district  the  new  line  is  to  lie.  Upon  receipt 
of  this  order  the  wire  chief  has  the  cross  connection  properly  run  on 
the  main  distributing  frame,  and  sends  the  order  to  the  exchange 
manager  for  his  information,  and  for  the  purpose  of  enabling  him 
to  enter  upon  the  order  the  answering  jack  assignment.  The  order 
is  then  returned  to  the  wire  chief,  who  has  the  projKjr  cross  con- 
nection made  on  the  intermediate  distributing  frame,  and  where 
the  magneto  system  is  used,  the  line  drop  is  placed  with  the  new 
line  number  and  whatever  symbol  is  used  to  denote  the  particular 
class  of  service.  Where  the  conimon  battery  system  is  used,  in 
addition  to  running  the  cross-connection  at  the  intermediate  jack, 
the  proper  number  plate  must  be  placed  over  the  answering  jack, 
and  a  lamp  cap,  marked  to  denote  the  particular  class  of  service, 
placed  over  the  line  lamp. 

In  the  meantime,  when  the  construction  gang  which  has  been 
busy  building  the  line,  finishes  its  work,  the  wire  chief  is  calleil 
and  a  thorough  test  made  \.k,  determine  whether  or  not  the  projx^r 
conductors  have  been  used,  and  of  pro{x*r  continuity  and  insulation 
resistance.  The  construction  foreman  is  then  given  an  O.K.,  and 
this  is  recorded  on  the  order,  together  with  the  time  of  day  and  the 
name  of  the  foreman.  The  line  is  now  ready  for  the  instrument 
setter,  and  when  he  finishes  his  work  he  calls  the  wire  chief  and 
the  line  is  given  a  complete  test. 

Nature  of  Tests  and  Testing  Apparatus.  The  nature  of  the 
tests  made,  and  the  nature  of  the  testing  ap{)aratus  used  in  the 
routine  work  of  central  office  maintenance,  will  now  be  described. 
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Leaving  otit  of  consideratloti  for  the  present  the  stibscHber 
stHtioii,  the  troubles  to  be  cleared  by  the  Tnaintenance  force  are 
classified  under  the  following  heads: 

1.  Crosses,  lu  which  one  or  both  sides  of  two  metallic  circuits  come 
into  electrical  contact,  so  that  conversation  on  one  can  be  heard  on  the 
other. 

2.  Oldens,  In  which  one  or  both  sides  of  a  circuit  become  electrically 
discontinuous. 

8.  Bhort  circuits,  in  which  one  side  of  a  circuit  comes  fli  contact  with 
the  other  side,  thereby  cutting  out  or  isolating  the  terminal  apparatus. 

4.  Grounds,  in  which  one  or  both  sides  of  a  circuit  form  electrical 
contact  with  the  earth,  rendering  the  line  more  or  less  noisy,  and  the  con- 
versation indistinct. 

The  introduction  of  the  common  battery  system,  has  introduced  a 
fifth  classof  trouble  called  "  low  insulation",  which  refers  to  the  condition 
where  the  insulation  of  tlie  line  has  become  so  low  that,  while  it  does  not 
interfere  with  conversation,  it  prevents  the  proper  working  of  the  line 
and  supervisory  signals. 

With  the  magneto  system,  the  following  conditions  obtain 
on  the  subscriber — sending,  ring-down,  and  common  trunks,  A 
metallic  circuit  closed  at  the  distant  end  through  the  bell  at  the 
subscriber  telephone,  or  drop  in  the  case  of  a  trunk,  and  at  the  ex- 
change end,  closed  through  a  drop  in  the  first  and  last  named  cir- 
cuits, or  standing  open  through  the  multiple  in  the  case  of  a 
sending  ring-down  trunk.  All  circuit  trunks,  whether  incoming 
or  outgoing,  are  closed  through  repeating  coils  at  both  exchanges, 
80  that  under  normal  conditions  all  circuits  show  closed  towards 
the  foreign  end,  and  all  circuits  except  sending  circuit  trunks  and 
sending  ring-down  trunks,  show  open  towards  the  home  exchange, 
if  the  test  is  made  inside  of  the  repeating  coil.  With  the  common 
battery  system,  on  the  other  hand,  the  subscriber  lines  test  open 
towards  the  telephone,  or  distant  end,  and  open  towards  the  ex- 
change when  the  cut-off  relay  is  energized.  The  outgoing  ring- 
down  trunks  show  closed  as  before,  as  do  the  outgoing  circuit 
trunks  to  magneto  offices.  The  outgoing  trunks  to  relay  offices,  on 
the  other  hand,  show  open  under  normal  conditions,  owing  to  the 
presence  of  the  condenser  cut  into  the  repeating  coil  at  the  distant 
end.  All  circuits  except  the  incoming  ring-down  trunks,  if  there 
bo  any,  show  closed  towards  the  home  exchange,  if  the  test  is  made 
inside  of  the  repeating  coil. 
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Tht^  testrt  iiiHtle  l>y  the  wire  chief  are  hy  no  ineaiiB  as  elal>urate 
as  thostt  lisetl  by  tlie  calile  iiiaiiiteiiaiu*4»  de|mrtinent  in  locating 
faults.  Tliey  are  sudi  as  can  l)e  made  very  rapidly,  and  yet  are  suf- 
lioiently  accurate  to  enahlo  the  wire  chief  to  determine  where  to 
look  for  the  trouble.  Before  goin^  into  the  details  it  will  Iw  neces- 
sary to  consider  the  general  plan  followed  in  locating  trouble;  after 
which  the  detail  tests,  with  the  apparatus  use<l  for  both  the  mag- 
neto and  common  battery  system,  will  Ik;  followe<l  out. 

When  a  trouble  is  reported  to  the  wire  chief,  his  first  duty  is 
to  determine  whether  it  lies  within  the  exchange  or  without.  Any 
trouble  which  is  liKrated  on  the  main  distributing  frame,  or  in  the 
othce  wiring  l>etwtH*n  this  j»oint  and  the  last  section  of  switchlK)ard, 
is  said  to  be  an  inside  trouble.  But  if  it  is  located  in  the  wiring 
anywhere  l)etween  the  main  frame  and  the  8ubscril)er  station,  it 
is  said  to  l)e  oatside  trouble.  Some  troubles  are  of  such  a  nature 
that  their  location  can  be  determined  without  any  8|HH.'ial  test, 
while  others  necessitate  a  succession  of  tests  before  the  re<|uisite 
knowledge  is  determined.  A  trouble  being  reportt^l,  tile  line  in 
ijuestion  is  first  taken  up  at  the  main  frame  and  a  test  made 
lietween  this  point  and  the  switchboard.  If  this  portion  of  the 
line  is  found  to  l)e  in  goml  working  order,  a  test  is  then  ma<le 
Ijetween  the  main  rack  and  the  8ubscril>er  station,  and  the  trouble 
will  be  found  to  be  located  in  this  portion  of  the  wiring.  Tlie 
})ortion  of  the  line  in  which  the  trouble  is  located,  must  next  Ix^ 
determined,  and  the  method  of  so  doing  will  Ihj  descrilntl  later. 
Should  the  trouble  1x3  located  in  the  exchange  wiring,  the  line  is 
again  tested  between  the  main  and  intermediate  frames.  If  this 
{)ortion  proves  to  l>e  in  proj)t»r  condition,  it  is  tested  l)etween  the 
intermediate  frame  and  the  first  section  of  8witchlK)ard.  then 
U'tween  the  first  and  last  sections  of  switchl>oard,  the  pnx'ess  lieing 
re|)eated  until  the  defective  |X)rtion  has  been  found. 

The  apparatus  used  for  testing  in  connection  with  the  com- 
mon battery  system  differs  materially  from  that  used  with  the  mag- 
neto system,  and  the  nature  of  the  tests  used  differs  also,  on  account 
of  the  difference  in  the  natures  of  the  circuits  used  in  the  two  sys- 
tems. With  the  magneto  system  all  circuits,  with  the  exception 
of  the  incoming  end  of  circuit  trunks,  are  normally  closeil.  With 
the  coinmoD  battery  system  on  the  other  band,  all  circuits  test 
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noniinlly  open.  A^ain,  the  presence  of  cnrrent  on  the  line  continn- 
ally,  ill  tilt)  case  of  the  coirunon  battery  system,  gives  an  additional 
means  of  testing,  which  is  not  present  in  the  magneto  system. 

In  connection  with  the  magneto  system,  the  circuit  shown  in 
Fig.  205  is  the  one  made  use  of  by  the  wire  chief.  It  consists  of 
the  following:  A  plug  «  is  wired  to  a  ringing  key  h^  the  gener- 
ator being  shown  at  e.  The  listening  key  is  seen  at  d,  the  wires 
leading  to  the  wire  chief's  telephone  being  shown  at  l\  At  e  is 
seen  a  battery  of  3  Fuller  cells,  which  is  wired  to  a  telegraph  relay 
/*  so  that  when  the  plug  a  is  inserted  into  a  closed  line,  current 
flows  through  the  relay,  energizing  it  and  drawing  the  armature  i 


O 
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Fig.  265. 

Up  against  the  contact  point  /c,  closing  the  auxiliary  circuit  contain- 
ing the  battery  and  th«A  telegraph  sounder  <j.  The  sounder  is  used 
to  intensify  the  noise  made  by  the  closing  of  the  relay,  thus  giving 
the  wire  chief  an  oral  test.  At  I  is  shown  another  plug  wired  to  a 
reversing  key  iii  which  is  grounded  at  n,  so  that  this  ground  can 
be  thrown  on  either  the  tip  or  ring,  as  desired.  This  circuit  is  used 
in  testing  crosses,  as  will  be  explained  later. 

This  circuit  is  placed  on  the  wire  chief's  desk,  which  is  wired 
like  the  oj)erator's  keyboard.  A  second  class  of  circuits  must  now 
]>e  provided  for  use  in  enabling  the  wire  chief  to  get  access  to  the 
line  to  be  tested.  These  latter  circuits  are  called  ''the  wire  chief's 
trunks".  The  following  trunks  are  usually  provided:  One  or 
more  to  the  first  section  of  switchboard;  one  or  raore  to  the  last 
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Sfctiuii;  Olio  or  more  to  the  main  distributing  frame,  iind  one  to 
each  one  of  the  incoming  trunk  ]M>sitioii8.  Tlie  wire  ehiefs  detik 
in  lastly  eiiiiipiKii  with  lines  to  the  switelihoard  for  utH>  in  onliiiarv 
eonversatitni. 

Ill  Ki^.  2(i4i  is  shown  the  wiring  of  a  line  to  first  hikI  last 
seetions  of  switelihtmrd.  It  consists  of  a  eoni  and  |iln<r  //,  {ilace<l 
<»ii  the  switehUjanl  ami  \virt«<l  to  a  jack  f>  plaeiHl  on  the  wirechiers 
desk.  tlnTe  luMiii^  no  dr«»j»s  plaet*il  at  either  einl. 


a 


JD 


Fig.  266, 

111  Fig.  2((7  is  shown  the  wiring  of  a  line  to  the  trunk  ]M»si- 
tions.  It  consists  of  a  jack  a  placed  in  the  multiple,  and  wire<I  to 
a  jack  A  placed  at  the  wire  chief^s  desk. 
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Ill  Fitr.  208  is  shown  the  wiring  of  a  liiit^  to  the  main  distrih- 
iiling  lM)ard.  It  is  rather  more  complicate*!  than  any  of  the  others, 
and  is  arranged  to  cut  off  cue  part  of  the  line  while  the  other  part 


Fig.  268. 

is  being  tested.  Two  8j)ecial  jacks  f/  and  fl'  are  placed  on  the  wire 
chief's  desk.  Their  sleeves  e  and  e  are  not  connected.  The  spring 
5  of  (I,  is  wired  through  the  contact  points  to  the  spring  7  of  </'; 
and  the  spring  0  of  </  is  similarly  wired  to  the  8j)ring  8  of  //'.  At 
a  and  a  are  shown  two  hani  rubber  plugs  with  one  face  l)evelled. 
The  face  of  each  of  these  plugs  is  equipjied  with  a  (tennan  silver 
clip  //  and  A',  while  the  two  U'velle<l  faces  are  equipjHHl  with  two 
German  silver  clips  f  and  '•'.  Following  out  the  cirt'uits,  it  will 
\h>  suh'U   that  tlm  sjiring  5  is  win*<l  to  ft;  the  spring  0  to  //;  the 
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spriiif^  7  to  c,  and  the  sprinir  8  to  <•' .  At  1  and  2  are  sliown  tlic 
heat  coil  springs  of  a  line  on  the  main  distributing  frame;  and  at 

3  and  4  are  shown  the  ground  springs  The  lieat  coils  are  suj)- 
]K)scd  to  occupy  the  spaces  1  and  3,  and  2  and  4;  while  the  carbon 
])latc  arresters  fit  in  between  8  and  4. 

When  a  line  is  to  be  tested,  the  heat  coils  are  reniovfd  from 
the  springs,  and  the  }>lng  <i  is  inserted  between  1  and  8,  and  the 
plug  a'  l>etween  2  and  4.  When  in  position  the  spring  1  makes 
contact  with  the  clip  /',  and  the  spring  8  makes  contact  with  the 
clip  h.  Turning  to  the  other  l)lng,  the  clip  //  makes  contact  with 
the  sjtring  4,  and  the  s]»ring  2  with  the  clip  <■' .  Under  these  con- 
tlitions,  the  line  coming  in  from  outside  passes  from  the  spring  8 
to  the  clip  /v,  thence  to  the  jack  s])ring  5,  and  through  the  con- 
tacts to  the  jack  spring  7.  Thence  to  the  clip  c  and  the  heat  coil 
snrin<r  1  to  the  switchboard.  Returninir  to  the  lu^ut  coil  snrini/  2, 
it  ])asses  through  the  cli])  <•'  to  the  jack  spring  S,  tluMice  through 
the  contacts  to  the  jack  s])ring  (5,  to  the  clip  b\  the  ground  spring 

4  and  out.  If  a  pbig  be  inserted  into  the  jack  ^/,  the  contacts  at  5 
and  ♦)  beiui;  broken,  the  switchboard  end  of  the  line  is  cut  off,  and 
couiniunication  is  established  with  the  outside  portion.  On  the 
other  hand,  when  a  ping  is  inserted  into  the  jack  r/',  the  contacts  at  7 
and  8  are  broken,  the  outside  end  of  the  line  is  cut  off  and  comniu- 
nication  is  established  with  the  switchboard.  In  addition  to  the 
above  circuits,  the  wire  chief's  desk  is  equipped  with  an  order  circuit 
to  the  first  section,  and  one  to  the  last  section  of  the  switchboard 
and  one  to  each  incoming  trunk  operator. 

The  next  point  to  be  considered  is  the  method  adopted  by  the 
wire  chief  for  testing  the  troubles  that  are  reported  to  him.  In 
this  connection,  it  will  be  well  to  go  over  the  nature  of  the  troubles 
that  he  may  be  called  ujK)n  to  test. 

TESTING  FOR  TROUBLES. 

Troubles  may  be  divided  into  three  classes: 

(1)  Those  situated  in  tiie  wiring  of  the  line,  whetlier  witliin  tlie  ex- 
ctiunge  or  without. 

(li)  Those  ill  tlie  apiiaratu.s  of  the  excliange,  Kiu-h  a.s  ihe  drop 
or  jack. 

(3)    Tliose  in  the  appaiatus  of  the  subscriber  telephone. 
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The  lirst  class  are  called  wirhuj  troubles^  the  second,  apjara- 
tuH  trouhleHy  and  the  third,  tttntion  trouhlttt.  The  wiring  troubles 
are  the  only  ones  which  the  wire  chief  is  able  to  test  out  with  the 
a|)|)aratus  descrilKnl.  Wiring  troubles  are  dividi-d  into  five  classes: 
[a)  Opens;  {h)  Grounds;  (c)  Short  circuits;  (</)  Crosses;  [f)  Es- 
capes. Opens  are  caused  by  a  parting  of  the  wire  on  one  or  l)oth 
sides  of  the  line,  (t rounds  are  caused  by  one  or  l)oth  sides  of  the 
line  coming  in  electrical  contact  with  the  eartii.  Short  circuits 
are  caused  by  the  two  sides  of  a  circuit  coming  in  electrical  con- 
tact. Crosses  are  cause<l  by  one  or  lK)th  sides  of  one  circuit  com- 
ing in  electrical  contact  with  one  or  both  sides  of  another  circuit. 
Kscaj)e8  are  nothing  more  than  high  resistance  grounds. 

Opens  are  detected  by  the  fact  that  the  subscrilier  cannot  Ix) 
rung  over  the  line.  If  a  long  line  niade  up  largely  of  cable  con- 
dtictors  Ije  open  on  one  side  it  is  often  possible  to  carry  on  conver- 
sation over  it.  But  the  alternating  current  used  for  ringing  is  not 
of  sufficient  frequency  to  pass  the  gap,  therefore  the  signal  cannot 
Ih'  transmittal. 

Grounds  are  detected  by  the  fact  that  the  line  becomes  noisy, 
and  when  the  ground  is  heavy  on  both  sides,  it  amounts  to  a  short 
circuit  and  the  subscril)er  is  cut  off  from  all  communication 
whatsiX'ver. 

Short  circuits  are  detected  by  the  subscriber  l)eing  thus  cut  off. 

Crosses  Ijetween  two  lines  are  detected  by  the  fact  that  a  |)er- 
son  coiiversini;  over  one  line  can  l>e  heard  on  the  other  line 

Escapes  yre  detecte<l  by  the  presence  of  noise,  when  the  line 
is  connecteil  to  a  lonjr-distance  trunk. 

When  an  ojhu  is  re|M>rted  to  the  wire  chief,  his  first  duty  is 
to  determine  whether  or  not  it  is  situated  outside  of  the  exchange. 
To  this  end  he  removes  the  heat  coils  from  the  arrester  springs  and 
inserts  the  plugs  a  and  a'.  Fig.  208,  in  the  manner  already  shown. 
The  plug  a  of  the  testing  circuit.  Fig.  2<>5,  is  inserteil  into  the 
jack  //.  Fig.  208,  thus  cutting  off  the  switchlx)ard  end  of  the  line. 
If  the  open  is  located  outside  of  the  exchange,  the  relay  ^/*,  Fig. 
2fi5,  will  not  he  energized  when  the  plug  is  so  inserted;  for  the 
circuit  IJeing  o|kmi,  no  current  can  flow  through  it.  If  the  o|>en  is 
l«H*attHl  within  the  exchange,  on  the  other  hand,  the  relay  will  Ix* 
energize<I  when  the  plug  is  so  inserted,  and  the  click  of  the  sounder 
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will  be  heard.  If  this  latter  condition  obtains,  the  plug  is  then 
inserted  into  the  jack  d',  Fig.  268,  thus  cutting  off  the  outside 
TMjrtiou  of  the  line,  and  establishing  communication  with  the 
switchboard.  The  presence  of  an  open  is  detected  in  the  same  man- 
ner as  before.  The  plugs  a  and  a\  Fig.  2G8,  are  then  removed,  and 
the  heat  coils  are  replaced,  care  being  taken  to  test  both  of  them 
for  opens  before  doing  so.  The  wire  chief  then  goes  in  on  the 
order  wire  to  the  operator  at  the  last  position  of  switchboard,  and 
<lirects  her  to  ])lace  one  of  the  ])lug8  </,  Fig.  260,  into  the  multiple 
jack  of  the  line  in  question.  The  test  plug  is  then  introduced  into 
the  jack  7>,  Fig.  266,  and  an  inside  man  is  directed  to  short  circuit 
the  line  on  the  main  distributing  frame  with  his  pliers.  Should 
the  line  show  open  still  it  is  cleared  at  the  last  section,  and  the 
oj)erator  at  the  first  section  is  directed  to  plug  it  up,  using  a  sim- 
ilar circuit,  while  the  short  circuit  is  maintained  on  the  main  rack. 
Should  the  line  show  closed  from  the  first  section,  the  open  is 
located  in  the  switchboard  wiring  somewhere  between  the  first  and 
last  section. 

Assuming  that  such  is  the  case,  the  inside  man  removes  the 
short  circuit  from  the  main  rack,  and  going  to  the  switchboard, 
sticks  a  plug,  the  ring  and  tip  of  which  are  short  circuited,  and 
which  he  carries  in  his  pocket  for  the  purpose,  into  the  multiple 
jack  on  the  second  position.  If  the  line  then  shows  closed,  he 
removes  the  ping  and  places  it  in  the  multiple  jack  on  the  third 
position.  He  continues  this  process  until  the  line  again  shows 
open.  When  this  occurs,  he  knows  that  the  open  is  located  between 
the  section  where  it  last  showed  closed  and  the  section  where  it 
first  showed  open. 

Again,  if  when  the  line  is  tested  from  the  first  section  of 
l)oard,  the  short  circuit  being  placed  on  the  main  frame,  and  it 
shows  oj)en,  it  will  prove  that  the  trouble  is  located  between  these 
two  }K)int8.  I'nder  these  conditions,  the  inside  man  is  directed  to 
short  circuit  the  line  at  the  intermediate  distributing  board,  and  if 
u|X)n  so  doing,  it  tests  short  circuited,  the  Open  will  be  ItK-ated 
between  the  intermediate  and  main  distributing  boards.  This 
metluHl  of  testing  will  be  understoml  more  easily  by  referring  to 
Fig.  2(>1>,  which  shows  in  outline,  the  circuit  in  question  from  the 
main  frame  to  the  last  section  of  switchboard.     Suppose  that  ((  and 


320 


TELEPHONY 


805 


h  represent  the  main  and  intermediate  frames  re8p<K"tively,  and  ^, 
//,  e,J\  </,  and  //,  the  niultipU*  jaeks.  Ix*t  j'  \h-  tht*  jKiint  where  the 
line  is  open;  iet  1  and  2  be  the  tip  and  ring  of  the  testing  circuit, 
which  is  shuwn  much  simplitietl.  Tlie  test  battery  is  at  /  and  tlie 
relay  aty.  With  the  conditions  shown,  if  the  line  be  short  cir- 
cuite<l  at  the  main  fram.e,  it  will  nevertheless  test  o|)en  as  one 
side  is  o|)en  at  u:  If  now  the  test  plug  be  placed  in  the  jack  c, 
the  line  will  test  short  circuited,  Infause  the  oj)en  is  Ih-voimI  tlm 
testing;  |)oint.  lx'avin<^  the  testing  plug  at  <•,  removing  the  short 
circuit  fnjm  <',  and  putting  a  short  circuiting  plug  in  //,  the  line 
will  again  show  closecl,  as  it  will  if  the  plug  lie  placed  at  *-.  l*ut 
when  the  plug  is  placwl  at  /',  the  line  will  test  oj)en,  In-cause  tho 
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Fig.  260. 


ojHMi  lies  iK'iwtrii  lilt'  l»'sting  jwint  and  the  place  where  the  line  is 
short  circuite*!.  The  test  could  also  \h?  made  by  placing  the  J>lug 
at^*,  removing  the  short  circuit  from  o,  and  placing  the  short  cir- 
cuiting plug  successively  at  </,/',  and  / .  In  this  cH.se  the  ojhmi  lies 
Ix'tween  the  jack  where  the  line  first  showed  o|ten  and  the  lust 
jack,  where  it  showed  closeil. 

Trouble  located  l)etween  the  lirst  and  last  section  of  switch - 
iMMird.  is  said  to  be  in  themulti])le  and  is  usually  found  at  the  |Miiiit 
where  the  cable  conductors  are  8oldere<l  to  the  jacks.  It  should 
be  remembered  that  in  the  case  of  a  bridging  board,  a  separate 
test  must  l)e  made  on  the  answering  jack  wiring,  and  the  answer- 
ing jack  wiring  must  1h>  cut  off  when  a  test  is  made  on  the  mul- 
tiple. This  is  accomplished  by  unsoldering  the  wires  at  the  inter- 
miKliate  distributing  iHuird. 

(>M  very  nire  (K-casions  the  eable  c(»n«luctors  o|K'n  in  the 
cable.      When  this  luipjHMis  the  drf»'<'tive   pair  is  unsolderiil   from 
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the  jacks  at  the  two  sections  between  which  the  break  is  located 
and  a  spare  ]>air,  witli  whicli  the  cable  is  equipj)ed,  is  substituted. 
As  a  parting  remark,  when  a  line  is  tested  at  the  main  rack,  great 
care  must  be  taken  to  test  the  heat  coils  for  continuity  before 
they  are  replaced.  For  should  the  oj)en  be  located  at  this  point, 
the  line  will  test  O.  K.  when  taken  up  at  the  main  rack,  but  will 
immediately  show  open  when  the  heat  coils  are  replaced.  This 
combination  will  cause  the  wire  chief  a  great  deal  of  trouble 
In-fore  the  defect  is  located. 

The  njethod  employed  for  testing  heat  coils  is  to  use  two  or 
three  dry  cells  connected  in  series  with  a  buzzer.  The  two 
terminals  of  the  circuit  are  soldered  to  two  clips,  one  shaped  like 
the  heat  coil  sj)ring  and  the  other  like  the  ground  spring  of  the 
arrester.  They  are  also  separated  by  the  same  distance  as  these 
si)ring8.  The  heat  coil  to  be  tested  is  placed  between  these  two 
clips,  closing  the  circuit  and  sounding  the  buzzer  if  it  is  in  proper 
condition.  If  the  buzzer  fails  to  sound,  it  shows  that  the  heat 
coil  is  open. 

As  has  been  already  stated,  a  ground  is  caused  by  one  or 
l)oth  sides  of  the  circuit  coming  into  electrical  contact  with  the 
earth.  AVheii  a  line  is  grounded  on  both  sides,  the  effect  is 
similar  to  a  short  circuit.  The  characteristic  effect  of  a  ground  is 
to  throw  noise  on  the  line  due  to  the  j)resence  of  the  earth  currents 
on  the  line.  The  wire  chief,  in  testing,  therefore,  has  to  locate 
the  point  at  which  the  noise  originates.  He  is  assisted  by  the 
relay  and  sounder,  but  the  Unal  adjustment  must  be  made  by  the 
ear.  The  routine  adopted  in  making  the  test  is  the  same  as  that 
employed  in  testing  opens.  * 

The  line  is  first  taken  up  at  the  main  rack,  the  testing  circuit 
being  inserted  into  the  jack  f/.  Fig.  268,  thus  cutting  off  the 
switchboard  end.  If  the  line  be  grounded  outside,  the  relay  /", 
Fig.  205,  will  be  closed  by  the  current  from  the  battery  e,  flowing 
over  the  line  to  the  grounded  point,  and  returning  through  the 
ground  x  to  the  relay.  But  since  the  same  condition  will  prevail 
on  a  normal  circuit  as  on  a  grounded  one,  the  only  way  to  differ- 
rnliate  is  to  \vv\  with  the  finger  the  ])nll  on  the  relay  armature. 
In  {\\v  ease  of  a  normal  cirtMiit,  the  line  is  closed  through  the 
l,OUU-ohm  bell,  and    the  current  How   through  the  relay  is  deter- 


322 


TELEPHONY  307 


mined  by  tlie  E.M.F.  of  the  lottery  dividec!  by  the  resistance  of 
the  line  and  Ik^II  togetlier.  When  the  line  is  gronndt-d,  however, 
the  retnrn  circnit  is  nuide  tliron<i;h  tiie  earth,  if  the  iMttery  is  con- 
nected to  the  trronnded  side  of  tlie  line,  and  the  1h*11  is  cut  out.  The 
resistanci*  of  the  cireiiit  carrying  the  testint;  battery  is  reduced  by 
this  amount,  and  the  current  Howing  through  the  testing  relay  is 
|>rojK)rtionately  greater,  so  that  the  pull  on  the  testing  relay  arma- 
ture is  greater  under  these  conditions,  than  is  the  case  with  a  normal 
line.  To  ensure  the  testing  battery  1km ng  cut  in  on  the  grounde<l 
side  of  the  line,  the  relative  position  of  the  testing  plugs  tt  and  </', 
Fig.  2<>S,  must  Ik*  reverstnl.  This  ])oint  will  Ik*  understood  In'tter 
by  referring  to  Fig.  270,  where  1  and  'Z  represent  the  two  sides  of 
a  line  with  the  telephone  lx*ll  at  tt.     The  tip  of  the  testing  plug. 
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Fig.  270. 

Fig.  2r>o,  is  shown  at  r,  and  the  shank  of  the  plug  at  f,  the  relay  at 
//,  the  battery  at/',  and  the  twogroumls  on  the  testing  circuit  at  y' 
ami  ij" .  The  trouble  is  l(K*atetl  at  <j.  AVith  the  conditions  as  shown 
in  the  figure,  the  battery  is  on  the  side  of  the  line  op|)08ite  to  the 
ground,  so  that  the  testing  battery  must  flow  through  the  l)ell  coils 
to  reach  f/.  Tlie  jMjrtion  of  the  line  between  </  and  e  is  the  only 
])ortion  cut  out,  and  the  resistance  cut  out  of  the  circuit  thereby 
U'ars  such  a  small  proportion  to  the  resistance  of  the  whole  line, 
that  the  current  through  h  is  not  increased  sufficiently  to  make 
any  material  difference  in  the  pull  of  the  relay  armature.  If  now. 
the  relative  |>ositions  of  c  and  *•  are  changed,  so  that  the  testing 
battery  is  sent  out  on  the  No.  1  side  of  the  line,  the  l)ell  coils  are 
cut  out.  and  the  pull  on  the  relay  armature  increased  sufficiently 
to  1h^  reailily  detected. 

The  al>ove  conditions  liold  good  whether  the  ground  is  locate<l 
within  or  without  the  exchange,  for  in  the  former  case,  the  drop 
coil  takes  the  place  of  the  Ik'II  (*(iil,  and  the  circuit  tests  out  the 
same  way.  Assuming  that  the  trouble  is  hK'a(«>d  in  the  exchange, 
the  siime  process  is  carriiil  out  as  in  the  casi'  of  an  o{H'n,  with  the 
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exception  that  the  defective  portion  of  tlie  line  must  he  cut  off  in 
every  case.  Tlie  defective  line  being  ordered  up  on  the  last  sec- 
tion, it  is  opened  at  the  main  intermediate  distributing  board.  If 
under  these  conditions  the  line  clears,  the  trouble  will  be  located 
between  the  main  and  intennediate  distributing  boards.  If  on  the 
other  hand  the  line  still  shows  trouble,  the  wire  chief  knows  that 
the  defective  point  lies  between  the  intermediate  board  and  the  last 
section  of  switchboard. 

If  the  switchboard  is  of  the  series  tyjK*,  and  the  ground  be  on 
the  sju'ing  side  of  the  jack,  the  ground  can  be  located  by  using  a 


J. 


Fig.  271. 

plug  uiade  of  hard  rubber,  or  an  ordinary  plug  to  which  nothing  is 
attached.  Because  plugging  into  the  jack  opens  the  line,  so  that 
by  ])lugging  on  each  section  the  defective  portion  of  the  line  is  cut 
off  until  the  section  on  which  the  ground  is  located  is  passed.  The 
ground  will  be  located  between  the  last  section  on  which  the  trouble 
was  cut  off  on  plugging  in,  and  the  lirst  section  on  which  it  was 
not.  Since  it  is  not  j)racticable  to  unsolder  the  multiple  jack  wir- 
ing, some  other  device  must  be  resorted  to  in  the  case  of  a  bridg- 
ing switchboard,  or  a  series  board,  when  the  trouble  is  on  the  ring 
side  of  the  jack. 

Such  a  device  is  shown  in  Fig.  271,  and  depends  for  its  action 
on  the  ability  of  the  ear  to  detect  the  diminution  of  the  flow  of 
current  in  a  receiver,  caused  by  the  resistance  of  the  switchboard 
wiring.  It  has  proven  to  be  very  useful  and  saves  a  great  deal  of 
time  that  would  otherwise  be  wasted  in  searching  through  the 
switchboard  wiring.  Here  the  multiple  jacks  are  shown  at  a,  J,  c, 
(h  and  r;  the  trouble  l>eing  located  at  «/,  between  I  and  r.  The 
answering  jack  is  shown  at /'and  the  dro])  at  /».  At  /•  is  shown  a 
battery  of  dry  cells,  one  pole  of  which  is  wired  to  a  receiver  /, 
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whose  other  terminal  is  grounded  at  <j'\  and  the  other  pole  is  wired 
to  the  tip  of  a  plug  m.  The  intermediate  distributing  Ixxard  is 
shown  at  /,  and  the  answering  jack  wiring  is  thrown  oflF  at  this 
})oint.  The  ping  ///  i«  then  inserttnl  into  the  jack  » ',  a  circuit  lieing 
made  for  the  Imttery  ^'  tiirough  the  ground  </.  As  a  result,  a  click 
is  heard  in  the  ear,  directly  the  contact  is  made.  The  plug  is  then 
inserted  at  </.  This  time  the  resistance  of  the  circuit  is  re<Juce<l  hy 
the  amount  of  resistance  in  the  wiring  from  //  to  /',  which  makes 
an  appreciable  effect  in  the  distinctness  of  the  click.  At  r  the 
click  is  still  louder  and  of  e<]ual  intensity  to  what  is  experienceil 
at  //.  At  ii  it  is  again  diminisluMl.  Should  the  ground  be  locAtetl 
on  the  op|K>8ite  side  of  the  line,  it  will  W'  detecte<l  by  the  fact  that 
the  line  will  show  open  when  the  plug  is  inserted.  Under  these 
conditions,  the  tip  strand  of  the  cord  is  removetl  from  /•  and  the 
ring  strand  substituted.  If  the  trouble  be  located  in  the  answering 
jack  wiring,  it  will  disap|)ear  when  the  latter  is  disconnected. 

The  next  class  of  troubles  to  be  considered  is  the  nhort  circuity 
in  which  both  sides  of  the  line  come  into  electrical  contact.  Tlie 
method  of  handling  this  trouble  is  identicjil  with  that  descril)ed 
for  grounds,  with  the  exception  that  in  making  the  receiver  test, 
the  battery  and  receiver  are  wired  to  the  ring  and  tip  of  the 
testing  plug. 

The  class  of  troubles  known  as  cros»e«t^  necessitate  the  use  of 
an  auxiliary  testing  circuit,  but  in  other  respects  they  are  handled 
just  like  the  grounds  and  crosses.  The  auxiliary  circuit  made  use 
of  has  already  l)een  shown  in  Fig.  205,  where  the  plug  ^  is  wired 
to  a  reversing  key  //i,  one  side  of  which  is  grounded.  In  testing 
for  crosses,  the  two  lines  in  trouble  are  taken  up  on  the  main  dis- 
trilmting  Iwrnrd  by  means  of  two  testing  circuits,  one  of  which  is 
shown  in  Fig.  2<I7.  The  plug  /^  Fig.  *-J05,  is  inserted  into  the  jack 
«?,  Fig.  208,  while  the  plug  /  of  the  auxiliary  testing  circuit.  Fig. 
2»»5,  is  inserted  into  the  corresponding  jack  on  the  other  testing 
circuit  similar  to  Fig.  20S.  The  switchboard  portions  of  lM»th  the 
lines  in  trouble  are  thus  cut  off. 

Tlie  principle  of  locating  a  cross  de|HMid8  upon  the  fact  that 
if  two  lines  are  connecte<l  t(»gether,  a  ground  thn)wn  on  one  line 
will  grmind  the  other  also,  and  the  hx'ation  of  the  cross  will  Ihj 
determined  by  the  pull,  on  the  relay  armature,  as  in  the  case  of  a 
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BiiTiplo  ground  This  will  be  illustrated  by  reference  to  Lig.  272. 
Jlere  let  1,  2,  8,  4  be  the  conductors  of  two  subscribers'  circuits, 
each  with  the  bell  bridged  across,  and  let  conductors  2  and  3,  be 
crossed  at  ,/•.  Let  a^  h,  and  r  be  the  tij)  of  the  testing  plug,  the 
relay  and  grounded  battery  respectively;  and  d'  be  the  plug  of  the 
auxiliary  circuit.  I>et  the  former  be  connected  to  the  No.  2  side 
of  the  line,  and  the  latter  to  the  No.  3  side  of  the  line.  It  is  plain 
that  a  path  for  the  current  from  c  is  formed  through  the  cross  at  a*, 
back  over  conductor  Ko.  3,  to  the  auxiliary  test  plug,  and  thence 
to  ground  at  </.  The  resistance  of  the  telephone  bell  and  a  portion 
of  the  line  being  cut  out,  the  ])ull  of  the  relay  armature  will  be 
much  stronger  than  normally.     The  relative  j)ositions  of  a  and  a' 
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must  be  reversed  in  order  to  determine  on  which  side  the  cross  is 
l(K'ated.  In  other  res|)ects,  the  location  of  across  is  determined  in 
the  same  manner  as  a  short  circuit. 

There  remains  to  be  discussed  one  more  class  of  trouble,  the 
eftrajH'.  As  has  already  been  explained,  the  escape  is  a  high  resist- 
ance ground,  and  its  presence  is  felt  through  the  line  becoming 
noisy,  due  to  the  presence  of  induced  earth  currents.  With  the 
magneto  system,  escapes  were  tested  by  means  of  the  ear  only, 
and  when  the  trouble  was  located  outside  of  the  exchange,  it  was 
as  it  is  to-day,  turned  over  to  the  cable  maintenance  department. 
When  an  escape  occurs  in  the  switchboard  wiring,  it  is  usually 
due  to  the  fact  that  dampness  in  the  air  has  saturated  the  cables 
and  wire.  This  is  apt  to  occur  in  the  damp  warm  days  of  summer, 
and  along  the  seashore.  It  can  be  remedied  only  by  thoroughly 
heating  the  atmosphere  of  the  exchange,  and  by  the  application  of 
chloride  of  lime  around  the  cables  and  wiring.  Switchboard  cords 
are  very  apt  to  saturate  from  this  cause  and  have  to  be  changed 
very  frequently. 
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CLEARING  OF  TROUBLE. 

So  far  iiutliiii^  has  In't'ii  said  of  tbe  clearing  of  trouble  that  is 
lucateil  on  the  line  outside  of  the  exehan«;e,  as  this  work  is  attendi*^! 
to  hy  a  force  of  men  different  from  that  mentioned  al>ove.  The 
outside  foree  is  dividetl  into  two  groups.  I iiKjurtnrx  who  eh-ar 
the  station  troubles,  and  trniihlennit  wlio  clear  tin*  troubles  located 
on  the  lines.  The  insiKftors  also  jH'rform  routine  insiR'ction  of 
the  telephones,  and  maintain  them  in  i^cxxl  workinjr  order.  It  will 
Ihi  evident  from  an  insjtection  of  the  telephone  wirinj^,  that  all  of 
the  al)ove-mentioned   troubles  may  I>e  located    in    this  ap[)aratus, 
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and  the  wire  chief  often  has  nothintr  but  his  exi)erience  to  jxuide 
him  in  determining  whether  the  case  requires  the  office  of  an 
insjjector  or  troubleman.  The  trouble  being  located  on  tbe  line, 
however,  the  wire  chief  sends  out  a  troubleman,  giving  him  the 
numln'r  of  the  cable  in  which  the  conductors  are  located,  totjetlier 
with  the  numl)ers  of  the  conductors  and  the  location  of  the  dis- 
tributing point.  If  the  line  is  made  up  wholly  or  in  part  of  o[)en 
wires,  the  jiole  numbers  and  wire  numbers  are  also  given.  The 
troubleman  is  equip|)ed  with  a  pair  of  spurs  and  a  lineman's  test- 
box,  which  is  nothing  more  than  a  portable  magneto  tele|)hone 
wired  as  shown  in  Fig.  273,  where  1  and  2  are  binding  jtosts  to 
which  tilt!  line  is  attHche<l;  a,  a  switch  pivote<l  at  ">,  and  playing 
over  tim  |Hiints  iJ  and  4.  At  //  is  a  rtveiver  which  is  also  usetl  as 
a  transmitter;  at  h  is  a  buz/er  and  at  c,  a  series  generator.     Oue 
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pole  of  the  receiver  is  wired  to  the  switch  point  3,  while  the  other 
pole  is  wired  to  the  binding  j)08t  2.  One  terminal  of  the  buzzer  is 
wired  to  the  switch  })oii)t  4:  and  the  other  terminal  to  the  gener- 
ator. AV^ith  the  switch  in  tlie  ])08ition  shown,  the  test  set  is  ready 
to  receive  or  transmit  a  signal;  while  with  the  switch  thrown  to 
point  3,  the  buzzer  and  generator  are  cut  out,  and  tlie  receiver  cut 
in  for  talking. 

Equipj)ed  as  described,  the  troubleman  goes  to  the  distrib- 
uting point,  cuts  in  on  the  given  conductors  by  means  of  a 
flexible  cord  equipped  with  two  clips  for  holding  to  the  lugs  in 
the  cable  box.  Assuming  the  trouble  to  be  an  open,  he  rings, 
and  if  the  trouble  lies  between  himself  and  the  exchange,  he  will 
raise  the  subscriber  but  not  the  operator.  If  on  the  other  hand 
he  is  unable  to  raise  the  subscriber,  but  the  operator  answers,  he 
knows  that  the  trouble  lies  between  himself  and  the  subscriber. 
If  the  trouble  lies  between  the  distributing  point  and  the  exchange, 
the  wire  chief  is  called  and  a  new  pair  of  conductors  is  taken  to 
carry  the  line.  Should  the  trouble  be  located  between  the  sub- 
scriber and  the  distributing  point,  this  portion  of  the  line  is  gone 
over  very  carefully  and  the  fault  remedied.  It  may  be  that 
through  mechanical  injury  a  portion  of  the  distributing  or  drop 
wire  has  been  broken.  If  so  this  must  be  spliced  temporarily,  so 
as  to  get  the  subscriber  working  as  quickly  as  possible.  If  need 
be,  the  line  will  be  permanently  repaired  at  a  later  date. 

These  breaks  are  very  apt  to  take  place  where  the  line  passes 
through  trees,  as  under  the  influence  of  high  wind,  the  swaying 
of  the  branches  is  apt  to  break  the  wire.  Where  such  conditions 
exist,  or  where  from  any  one  cause  or  another,  the  line  is  apt  to 
be  again  thrown  into  trouble,  a  report  of  the  fact  should  be  made 
by  the  troubleman,  so  that  the  conditions  may  be  permanently 
bettered.  The  largest  percentage  of  line  troubles  will  be  found  to 
bjB  located  in  the  contacts  of  the  cable  box. 

The  station  trouble  consists  almost  altogether  of  parts  of  the 
ap[)aratu8  getting  out  of  repair,  and  the  work  of  the  inspector  is 
that  of  either  repairing  or  replacing  them.  About  80%  of  the 
transmission  troubles  are  found  to  be  due  to  weak  batteries. 
When    Leclancho  cells  are  used  the    inspt^ictor  replenishes  them 
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hiiiiS4'lf.     AVI.eii  Fuller  ImtU'rifs  are  ustHl   \w  «lirt*<"trt    tin*  Imttt^ry 
mail  to  |)erforiii  the  work. 

With  the  intnxliK'tion  of  the  common  Inittery  ftifnteiu^  a  more 
elal>orate  testing  cireuit  was  devised  for  the  win»  chief,  and  a  volt- 
meter was  introduced.  The  lines  to  the  first  and  last  sections  of 
8witch)>oard  were  also  wired  more  elal>orately.  In  considering  the 
subject  of  testing  trouble  with  the  common  battery  system,  it  must 
l»e  rememl)ered  that  in  this  case  the  subscriljer  lines  test  normally 
o{)en,  which  is  not  the  case  with  the  magneto  system.  P'urther- 
more,  Imttery  being  on  the  line  continually,  it  can  always  be  used 
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to  test  with.  Tliis  feature  makes  it,  in  some  respects,  easier  to 
locate  trouble  on  the  common  battery  system  than  on  the  magneto 
system.  In  Fig.  274  is  shown  the  wiring  of  the  wire  chief's  test- 
ing circuit  used  in  connection  with  the  common  battery  system. 
To  a  conl  and  J»lng  n  are  wired  ten  keys,  designated  by  the  letters 
of  the  al])halH't.  The  key  f>  is  called  the  reversing  key,  because,  as 
will  be  seen,  current  coming  from  the  battery  ;•  can  be  thrown 
either  on  the  ring  or  tip  of  the  plug.  At  v  is  the  ringing  key,  the 
ringing  generator  leads  l)eing  connwted  to  the  two  outer  i)oints. 
At  //  is  the  grounding  key  for  throwing  ground  on  one  side  of  the 
testing  circuit.     This  side  is  always  opposite  to  tliat  on  which  the 
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battery  is  connectetl.  liy  means  of  the  key  c,  tlio  voltmeter  /  of 
8j)eeial  design,  with  the  battery  r  in  series,  is  thrown  on  one  side 
of  the  line.  At  ^  is  the  ammeter  key,  by  means  of  which  the 
ammeter  ?//  with  the  battery  ?•  in  series  is  thrown  on  one  side  of 
the  line.  For  the  safety  of  the  ammeter,  a  resistance  ii  of  100 
ohms  is  connected  in  series  with  it.  This  may  be  short  circuited 
by  the  key  fj  if  so  desired.  At  h  is  a  key  for  cutting  in  a  telefJ!;raph 
relay  o,  the  same  as  the  one  shown  in  the  magneto  testing  circuit. 
To  the  armature  of  this  relay  is  wired  a  sounder  not  shown  in  the 
diagram.  At  /  is  the  holding  key,  which  is  thrown  across  the  cir- 
cuit, to  hold  a  line,  kIiouM  the  wire  chief  desire  to  talk  on  some 
other  line  for  a  uioment.     The  talking  key  is  at  J  and  deserves 
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special  mention.  At  x  is  a  repeating  coil  wired  as  a  retardation 
coil,  battery  coming  through  the  inner  ])oints  and  swinging  con- 
tacts of  the  key  /'.  The  receiver  q  of  the  wire  chief's  telephone 
circuit  is  bridged  across  the  circuit  with  a  2  M.F.  condenser  j>, 
and  the  secondary  winding  of  the  induction  coil  in  series.  The 
key  /•  has  its  outer  springs  strapped  together,  so  that  by  throwing 
it,  the  two  halves  of  the  repeating  coil  winding  are  strapped, 
together  and  battery  cut  off.  The  above  circuit  gives  a  very  elab- 
orate means  of  testing,  and  is  used  as  follows: 

The  line  to  be  tested  being  taken  up  in  one  of  the  ways  already  de- 
Bcribetl,  the  grounding  key  d,  is  thrown,  thus  grounding  one  side  of  the 
line.  The  voltmeter  key  is  then  thrown,  so  that  this  instrument  with 
grounded  battery  in  series  is  connected  to  the  opposite  side  of  the  line.  If 
the  circuit  is  in  normal  condition,  it  will  be  open  to  direct  battery  at  the 
subscriber  bell,  so  that  the  needle  of  the  voltmeter  /  will  not  be  perma- 
nently deflected.  The  condenser  in  series  with  the  bell,  will  however  be- 
come charged.  If  the  reversing  key  b  he  thrown,  thereby  changing  the 
direction  of  the  battery  potential  on  the  line,  the  condenser  will  be  dis- 
charged, and  then  charged  in  the  opposite  direction,  which  action  causes 
the  voltmeter  needle  to  make  an  excursion,  depending  in  magnitude  upon 
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the  capacity  uftlie  line,  and  to  afcain  return  tt> /«ni.  Slioulil  the  line  Ih* 
o|>en  hetween  the  |Niint  where  it  \h  tented  and  tlie  Hid»w*ril»er  Htation,  there 
will  he  no  exeurMion  of  tlie  nee<lle  wlien  the  vttltnieter  itt  thrown  TIiih 
excursion,  thererore,  Ih  the  indication  of  a  normal  condition  of  the  line 
Should  the  line  he  Hhurt  cimiiteil,  tlie  condenHer  will  i>eHtrap|>e<l  out,  and 
the  eireuit  will  he  eloxejl  to  direct  current,  m)  that  under  the  proper  eondi- 
tiouH  there  will  he  a  permanent  dellectioii  oftlu'  voltmeter  needle,  when 
that  iuMtrument  is  thrown  un  to  the  line. 

This  jMjint  will  \tei  understood  Inciter  by  reference  to  Fig.  275, 
where  the  testing  eireuit  and  the  line  to  l)e  tested  are  shown  in 
outline.  Ix*t  1  and  2  be  the  two  sides  of  the  line  to  be  testeil;  and 
let  ^,  f/,  and  </  be  the  voltmeter,  Ijattery  and  ground  re8|)ectively; 
while  (/'  is  the  ground  thrown  on  the  o|ij)osite  side  of  the  line  by 
the  grounding  key.  Ix*t  the  line  be  short-circuited  at  j',  then  un- 
der the  conditions  shown,  current  will  flow  from  //  through   the 
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voltim'ter  c  to  No.  1  side  of  the  line,  returning  through  the  short 
circuit  x  to  the  No.  2  side  of  the  line  to  the  ground  at  tj .  If  the 
ground  at  <j'  is  removed,  which  is  equivalent  to  releasing  the 
grounding  key  ^/,  P'ig.  274,  the  voltmeter  circuit  would  l)e  0|)ened 
and  the  needle  would  return  to  zero.  Therefore^  if  ic/wn  the  volt- 
meter  key  and  ytunindiny  ley  are  both  thrown^  a  dejfection  is  oh. 
tatnetf,  and  if  the  needle  ret  a  run  to  zero  mhen  the  (/roundinf/  key 
is  releanedy  the  fine  tested  is  shotcn  to  he  short  circuited. 

Suppose,  now  the  line  to  be  grounded,  the  conditions  shown 
in  Fig.  270  will  obtain.  SupjX)se  that  the  line  to  lie  tested  is 
grounded  at  r.  the  testing  circuit  InMug  connected  up  as  in  the 
previous  figure,  the  same  letters  of  reference  l>eing  usetl.  With 
the  conditions  as  shown  the  line  will  test  normal,  because  the 
ground  x  l)eing  on  the  opjwsite  side  of  the  testing  battery,  the  cir- 
cuit will  test  o|x*n  through  the  conilenser  //,  and  the  ordinary 
swing  of  the  neetlle  will  l>e  obtained.  Should,  however,  the  ground 
g'  be  removed  by  releasing  the  grounding  key  f/.  Fig.  274,  the  Hue 
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will  Ptill  test  norinal,  for  the  return  circuit  will  l)e  made  through 
the  ground  at  x  to  the  ground  at  g.  Therefore,,  should  a  nvmKj 
of  voltmeter  not  he  ohtained  when  the  grounding  Icey  is  released, 
the  line  tcMted  irill  prove  to  be  gronnded  on  the  side  opposite  to 
that  (HI  irhirh  the  voltmeter  is  connected. 

If  the  reversing  key  />,  Fig.  274,  is  so  adjusted  that  the  volt- 
meter and  battery  are  connected  to  the  No.  2  side  of  the  line, 
while  the  grounding  key  is  connected  to  the  No.  1  side  of  the  line 
as  shown  in  Fig.  277,  then  a  steady  current  would  How  through 
the  voltmeter  out  on  the  No.  2  side  of  the  line,  to  ground  at  x  and 
return,  and  the  voltmeter  would  be  permanently  deflected.  This 
current  flow  would  be  altogether  independent  of  the  presence  of 
the  ground  f/'.     Therefore, should  the  voltmeter  needle  he  penna- 
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Fig.  277. 

nently  dejlected  when  the  grounding  key  is  released,  the  line 
tested  will  prove  to  he  groumled  on  the  same  side  as  that  on 
which  the  voltmeter  is  connected.  If  the  voltmeter  used  on  the 
testing  circuit  is  of  the  proper  sensitiveness  the  insulation  of  the 
line  can  be  measured,  lieferring  to  Fig.  275,  it  will  he  seen  that 
any  leakage  current,  either  from  the  line  to  ground,  or  from  one 
side  of  the  line  to  the  other,  will  flow  through  the  voltmeter,  and  if 
the  instrument  be  sensitive  enough,  the  magnitude  of  the  insula- 
tion resistance  can  be  determined  by  means  of  the  following 
considerations: 

Let  E  denote  the  E.M.F.  of  the  battery  used  for  testing;  e 
denote  the  reading  on  the  voltmeter  for  any  given  leakage  cur- 
rent; let  R  denote  the  insulation  resistance,  and  /■  the  resistance  of 
the  voltmeter. 
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In  Fig  278,  let  h  be  the  testing  battery,  a  the  voltmeter,  and 
the  lines  1,  2,  3,  4,  etc.,  denote  the  leakage.  The  current  tluwing 
through  the  voltmeter  is  given  by  the  expression 

I  =  "  I 

r 

wht-re  1  denotes  the  How  of  current. 

Agjiin,  the  current  tlow  is  denoted  by  the  following  ditfercnt 
exjiression 

Placing  th(>  right-lmnd  nieml)er  of  1  equal  to  the  right-hand  niem- 


Fig.  278. 


ber  of  2,  we  gft 


e 


E      _ 

W+l'~    r  •* 

Clearing  fractions  (II  -f-  r)  e  =  E/*  4 

or  R^  -|-  re  =  E/*  5 

from  which  R^  =  E/"  -  re  5 

Simplifying  Il/<  =  (E  -  <?)  r  7 

Solving  for  11.  K  = /•  g 

f 

E<juation  8  gives  the  insulation  resistance  of  the  line  in  terms  of 
the  voltage  of  the  battery  and  the  resistance  of  the  voltmeter,  so 
that  the  sensitiveness  of  the  apj)aratus  will  increase  with  the  jx)ten- 
tial  of  the  battery  usetl  and  the  resistance  of  the  voltmeter  coil. 

At  first  thought  it  might  seem  as  if  the  sensitiveness  could  be 
increased  without  limit,  by  increasing  the  potential  of  the  testing 
battery.    The  limit  to  which  this  voltage  can  be  increased  is  gov. 
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i^rnetl  by  the  fact  that  the  higher  the  voltage  used,  the  greater  the 
strain  ii])on  the  insulation.  In  the  testing  of  cables,  the  usual 
practice  is  to  test  with  100  volts  of  chloride  of  silver  battery,  as 
this  ])otential  is  considered  to  be  high  enough  to  give  sufficient 
sensitiveness  and  not  high  enough  to  subject  the  insulation  to 
uiuhu'  strains.  In  connection,  however,  with  such  testing  as  the 
wire  chief  does,  it  is  not  essential  to  get  as  high  a  sensibility  and 
for  the  sake  of  economy,  the  sanie  battery  is  used  for  testing  as  is 
useil  for  operating  the  station,  so  that  the  value  E,  in  the  above 
eijiiations  is  given  at  24  volts.  It  therefore  becomes  necessary  to 
increase  the  other  quantity  as  much  as  possible.  The  highest 
resistance  of  voltmeter  winding  nsed  for  this  purpose  is  40,000 
ohms,  so  that  the  highest  insulation  resistance  that  can  be  read 
with  this  combination  is  given  by  the  following  expression  :  Let 
E  =  24  and  /•  =  40,000,  and  e  =^  1,  the  smallest  reading  on   the 

E  ~  ^  0^4  _  1 

voltmeter.      Tiien   U  = r  becomes   U  =  ^ 40,000  = 

e.  1 

23  X  40,000  —  l)liO,000  ohms,  almost  1  megohm.  Lines  having 
an  insulation  resistance  e(jual  to  tliis  ligure  are  in  good  condition, 
and  unless  this  (pumtity  decreases  from  day  to  day  no  uttention 
nt*ed  be  jKiid  to  it  The  smallest  iiiHulation  resistance  that  can  be, 
jueasured  on  this  instrument  is  given  by  the  following  expression: 
Ia^X  E  ;=^  24  volts  as  before,  /•  =  40,000,  and  e  =  23,  the  maxi- 
mum reading  of  the  instrument   next  to  a  dead  ground.     Then 

E  —  t'  ^4  —  23 

11  =  '/•  becomes  E  =  ^^^-^ —  40,000  =  40,000  ^  23  = 

1,740  ohms. 

Lines  having  as  low  an  insulation  resistance  as  the  above  need 
attention  immediately,  lioughly  speaking,  when  the  insulation 
resistance  falls  below  40,000  ohms  the  line  needs  attention. 

In  speaking  of  the  testing  circuit,  Eig.  274,  an  ammeter  //i 
controlled  by  a  key  y  was  referred  to.  This  ammeter,  or  rather 
milliammeter,  is  used  to  measure  lower  re8i8tan,ce  than  1,740  ohms, 
and  is  useful  in  locating  crosses,  short  circuits,  and  dead  grounds. 
The  milliammeter  used  has  a  readincj  of  0  to  500  milliamt)eres  or 
A  am|)t?re.  The  expression  nsed  to  determine  resistance  by  this 
instrument  is  derived  from  Ohm's  law: 
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where  Tl  is  the  reftifltHiico  to  Iw  ineaRiinMl,  K  the  |>uteiitiHl  of  the 

testiiii^  hattery,  and    I.   the  current  (U'nuity  flowing  throui^h"  the 

ammeter.     The  hij^hent  resistance  that  can   he  measure*!  with  this 

comhination  is  determined   in   tlie   foMowini^  manner:   I^t  E  =  24 

volts  and  I  =  .001  or   ,  ^v  j-  amj)ere.     Then  e<juation  0  l)ecume8 

24 
K  =  -.vrr  ^^  24,000  ohms.    Likewise  the  smallest  resistance  that 

can  1h^  measureil  is  given  hy  the  following,  assuming  that  E  =  24 


O- 

D- 


Fig.  279. 

24 

and  I  =  500  milliamperes  (»r  .o  jimj)ere.     II  ==  — ^  =:  42  ohms. 

AV'hile  high  resistance  can  be  measured  with  the  ammeter,  it 
is  not  as  sensitive  for  the  purj)08e  as  the  voltmeter,  so  that  the 
latter  instrument  is  always  usetl.  For  low  resistances,  the  am n>et«*r 
covers  a  tiehl  that  cannot  Ik*  reache<l  l>y  the  voltmeter,  hence  its 
use.  The  method  pursued  hy  the  wire  chief  in  the  nse  of  these 
instruments  is  as  follows:  The  voltmeter  is  first  used,  and  if  the 
resistance  is  so  low  that  a  full  reading  is  ohtaineii,  the  ammeter  is 
then  thrown  on.  A  record  is  kept  hy  the  wire  chief  of  the  normal 
resistance  of  each  line  with  the  receiver  at  the  8ub8cril)er  station 
removed  from  the  hook.  This,  of  course,  refers  to  the  metallic 
resistance  of  the  line  and  not  to  the  insulation  resistance,  liy  this 
means  when  a  short  circuit  or  dead  ground  occurs  on  any  one  of 
ihese  lines  it  can  Ihj  determined  hy  comj>arist>n. 

The  telegraph  relay  is  ustnl  in  the  same  manner  as  descrilnKl 
for  the  magneto  ciivuit,  and  therefore  needs  no  sjHcial  mention. 
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Tlie  battery  key  h  is  used  wlien  tlie  wire  chief  is  talking  to  a  line- 
man with  a  test  box,  as  under  these  conditions  it  is  not  necessary 
to  throw  battery  on  the  line.  In  all  other  respects,  the  locating  of 
trouble  is  performed  in  the  same  manner  as  that  described  for  the 
magneto  system.  The  lines  to  the  main  distributing  board  possess 
no  new  features,  but  the  lines  to  the  first  and  last  sections  of  switch- 
board are  characteristic  and  are  shown  in  Fig.  279,  where/' denotes 
the  plug  at  the  switchboard,  and  h  the  jack  on  the  wire  chief's 
desk.  To  the  points  of  the  jack  is  connected  the  drop  a  with  a 
condenser  //  in  series.  The  drop  is  provided  for  the  convenience 
of  the  line  men  in  calling  up.  Wired  to  the  shank  of  the  plug  f 
is  a  .lamp  (\  the  battery  lead  being  run  through  a  key  (j.  When 
the  plug  is  introduced  into  the  subscriber  jack,  the  battery  e  is 
grounded  through  the  cut-off  relay,  and  current,  therefore,  flows 
through  the  lamp,  thus  indicating  to  the  wire  chief  by  its  illumi- 
nation that  the  line  has  been  taken  up  by  the  operator.  By  de- 
pressing the  key  (j  this  lamp  circuit  is  opened,  and  current  removed 
from  the  cut-off  relay  of  the  line  being  tested,  so  that  this  relay 
beintj  released,  direct  current  is  thrown  on  the  line.  Under  these 
conditions  when  the  wire  chief  throws  the  listening  key  on  his  test- 
ing circuit,  the  line  lamp  becomes  illuminated.  This  affords  the 
wire  chief  a  means  of  quickly  testing  the  answering- jack  wiring. 
AV^hile  the  use  of  the  voltmeter  affords  a  great  help  to  the 
wire  chief  in  detecting  and  locating  trouble,  he  must  possess  a 
trained  ear,  and  be  thoroughly  familiar  with  the  nature  of  the  con- 
struction of  the  line  both  inside  and  outside  of  his  exchange.  lie 
must  also  possess  executive  ability  in  a  high  degree  to  successfully 
deal  with  the  large  volume  of  business  that  is  transacted  at  his 
desk  in  the  course  of  the  day. 

CABLE  MAINTENANCE. 

The  clearing  of  trouble  in  cables  is  a  much  more  elaborate 
piece  of  work  than  that  of  clearing  trouble  in  open-wire  lines, 
bridle  wires,  or  drop  wires,  since  it  always  necessitates  the  opening 
of  old  splices  and  the  making  of  new  ones.  The  work  of  locating 
trouble,  too,  necessitates  the  use  of  delicate  scientific  instruments 
and  more  or  less  complicated  mathematical  formulae.  This  work, 
therefore,  cannot  very  well  be  handled  by  the  force  under  the  wire 
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chief,  and  in  the  larger  coni|ianie8  is  jierformed  hy  the  constmc- 
tion  dejMirtinent,  a  suh-department  being  provided  for  tins  piirpoee. 
The  force  of  men  employed  in  this  work  consists  of  a  gang  of 
cable  splicers  and  a  gang  of  galvanometer  men  with  their  assist- 
ants. The  size  of  these  two  gangs  depends  on  the  size  of  the 
cable  plant,  and  the  volume  of  business  to  l)e  done.  T^irge  com- 
|>anieH  that  have  a  great  numl)er  of  undergrouhd  cables,  find  that 
they  are  getting  out  of  order  all  the  time,  so  that  these  two  forces 
are  continually  employetl  in    locating  and  clearing   cable  trouble. 

All  re{)ort8  of  cable  trouble  come  to  the  construction  dei)art- 
ment  from  the  wire  chief,  who,  by  the  methods  already  descrilied, 
UK'ates  the  trouble  in  the  cable.  Tlie  work  of  clearing  the  trouble 
is  dividetl  into  two  distinct  heads:  First,  htcathuj  trouhh. 
second,  clearing  tnmhle.  The  work  of  locating  trouble  is  per- 
forme<l  by  the  galvanometer  man,  and  for  this  purjtose  he  is 
equipped  with  a  galvanometer  of  one  of  the  jwrtable  tyjjcs,  a 
lottery  of  1(X)  chloride  of  silver  cells,  a  battery  reversing  switch, 
and  a  cajAcity  switch.  A  standard  megohm  coil  ehoald  also  be 
provided.  Some  form  of  lamp  stand  and  scale  will  also  be 
necessary. 

I.iead  cables  are  thrown  into  trouble  from  three  causes:  Me- 
chanicHil  injury j  deterivnition  of  the  lead  »henth  due  to  elertroly- 
*<*,  and  the  burn  ifif/  of  the  vondnrtors  find  »htt(th  hy  aeeidtntnl 
cnntart  with  high  foreign  potentials,  such  as  lightning,  trolley  cur- 
rent and  the  like.  The  fact  that  a  cable  is  deteriorating;  is  made 
known  by  the  increasing  luunWr  of  troubles  that  are  found  to  Ihj 
Imruteil  in  it,  and  when  such  a  condition  ])revails  the  galvanometer 
man  is  sent  out  to  locate  the  trouble.  As  a  usual  thing  the  gtilva- 
nometer  man  makes  his  test  from  the  exchange,  and  to  this  end  sets 
his  instruments  at  this  |K)int.  Except  in  thecasi^of  mivhanical  in- 
jury, or  injury  uue  to  lightning,  the  trouble  from  which  cables  are 
most  likely  to  suffer  is  grounding.  In  the  case  of  mechanical  injury, 
or  lightning,  grounds,  short  circuits,  crosses,  and  opens  are  apt  to 
Ik*  encountertnl.  The  nature  of  the  tniuble  with  which  a  cable  is 
atilicted  is  u.sually  re|)orted  by  the  wire  chief,  but  the  galvanometer 
man,  while  he  uses  the  wire  chiefs  rt*)iort  as  a  guide,  must  never- 
thcless  make  a  thorough  determination  as  to  wiiether  or  not  any 
other  trouble  exists. 
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Thompson  Qalvanometer.     In  Fit^.  280  is  shown  one  of  the 
best  adapted  forms  of  the  Thompson  galvanometer  for  cable-testing 
work.     It  consists  of  4  coils,  two  of  which  are  shown  at  a  and  a' 
mounted  on  two  ebonite  pillars  h  and  i',  which  in  turn  are  sup- 
ported on   an   ebonite   base  e. 
This  base  is  equipj)ed  with  three 
leveling  screws  J,  (V ^  and  d'\ 
The  terminals  of    the  coils  are 
brought  out   to   binding  posts 
])lHced  on  the  ebonite  base,  four 
of  which  are  shown  at  e^  e  ^  c'\ 
(:'" .    The  system  is  sus{)ended  by 
an  unspun  silk  thread,  which  is 
fastened  to  the  milled-head  screw 
f.     The  upper  magnet  of  the 
system  having  the  mirror  at- 
tached is  shown  at  ^/,  while  the 
lower  one  is  shown  at  h.     The 
coils  are  ejiclosed  in  a  cylindrical 
glass  case  /,  upon  the  metal  top 
of  which  is  mounted  the  vertical 
rod  j  carrying  the  control  mag- 
net V.     The  bottom  of  the  rod  is 
ecpiipped   with  a  worm  wheel 
into  which  meshes  a  screw  I  with 
a  milled  head  m.     The  control 
magnet  uiakes  a  binding  fit  over 
the  rod,  and  coarse  adjustment 
can  be  made  with  the  hand. 
Fine  adjustment  is  uiade  with 
the  screw  and  worm  wheel.    The 
glass  case  fits  air-tight,  so  as  to 
exclude  the  dust. 
In  Fig.  281  is  shown  the  plan  of  wiring  the  coils  and  method 
of  bringing  the  terminals  to  the  binding  posts.     By  following  the 
direction  of  the  arrows,  it  will  be  seen  that  l)y  pro|)erly  connecting 
toi^ether   the    bindiui;   iiosls  2,  \\,  4,  5,  r»,  and  7,  the  coils   can    be 
connected  in  series  or  multiple  as  desired,  and  that  anyone  of  the 
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coils  can  be  cut  out  at  will.  A  leveliiifr  ^la«s,  shown  at  '/,  is  pro- 
vided by  means  of  whicli  tin*  iiistrunuMit  can  Iki  atviiratelv  ad- 
justed in  this  respect. 

D'Arsonville  Qalvanometer.  While  this  ty|)e  of  instrument 
gives  very  good  results,  and  is  the  U'st  form  of  the  Thompson 
tyj)e  for  jwrtable  work,  it  is  not 
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as  good  as  the  D'Arsonville  gal- 
vanometer, a  very  excellent  form 
of  which  is  shown  in  Fi*;.  2.S2. 
This  ijistrument  is  as  sensitive  as 
the  Thompson,  but  is  much 
more  easily  set  up  and  adjusttMJ, 
and  is  absolutely  unaffected  by 
fluctuations  in  the  earth's  field. 
The  |)ermanent  magnet  is  lam- 
inated, thus  ensnrinij  a  hit;h  de- 
gree  of  magnetic  saturation  in 
the  iron.  Tlie  system  is  sus- 
])ende<l  toj>  and  lM)ttom  in  the 
metal  tuln*,  which  Ciin  readily  Ix? 
placed  in  position  and  secured 
with  a  screw.  By  means  of  a 
small  nut  at  the  bottom  of  the 
tul>\*,  the  system  c^n  be  held  rig- 
idly, when  thetulx!  is  l>eing  car- 
ried about,  thus  prevt'nting  mechanical  injury. 

Battery  reversing  keys  are  made  up  in  several  forms,  one  of 
the  ujost  approvetl  U'ing  that  shown  in  Fig.  283.  Here  six  bind- 
ing j)ost8  E,  E',  E",  1),  F,  and  F',  are  mounted  on  ebonite  pillars 
to  ensure  good  insulation.  These  columns  are  mounte<l  on  an 
elK)nite  l)ase.  To  the  binding  posts  E'  and  E"  are  attached  two 
springs  which  cjirry  at  their  opposite  ends  two  el>onite  buttons  A 
and  C.  Each  one  of  the  binding  |)Osts  F  and  V'  is  eipiipi^d  with 
B  short  strap  at  the  end  of  which  is  a  set  screw.  The  ends  of  these 
two  screws  are  platinum -{)ointed,  and  touch  two  platinum  projec- 
tions on  the  springs  when  the  latter  are  in  tlie  normal  ]H)sition. 
The  two  bin<liiig  jK)sts  E  an<l  D  are  comie<'te<l  by  two  cop|»er  nxls 
to  two   iiosts  II  and  li'  rcs|K'ctively,  each   mounli-il  on   anel>onilc 
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post.  Two  keys  G  and  G'  are  mounted  on  ebonite  pillars,  bj 
means  of  which  the  springs  are  depressed,  so  tliat  they  break  con- 
tact with  V  and  F'  and  make  it  with  H  and  IF.  Each  one  of  these 
keys  can  be  operated  independently  of  the  other.  Whenever  it  is 
desired  to  depress  either  spring  momentarily,  the  finger  is  pressed 

on  either  one  of  the  buttons  A  or 
C.  The  method  of  connecting  up 
this  switch  will  be  shown  a  little 
later. 

Capacity  Key.  The  most  aj)- 
proved  type  of  capacity  key  is 
shown  in  Fig.  284,  where  mounted 
on  an  ebonite  base  is  an  ebonite 
pillar  bearing  a  binding  post  a. 
To  this  post  is  attached  a  spring 
I,  carrying  at  the  other  end  an 
ebonite  button  r.  Two  other  bind- 
ing posts  dand  d'  each  mounted  on 
an  ebonite  column,  are  provided. 
Each  binding  post  is  equipped 
with  a  stout  copper  strap,  the  one 
attached  to  d,  bending  up  and  over 
the  spring  7j\  while  the  one  at- 
tached to  d'  bends  down  and  under 
b.  Each  strap  is  equipped  at  the 
end  with  a  set  screw,  whose  end 
is  j)latinum-pointed.  "When  the 
spring  is  in  the  upper  position  it 
makes  contact  with  the  upper  set 
screw,  and  when  it  is  in  the  lower 
position  it  makes  contact  with  the 
bottom  set  screw,  breaking  its 
contact  with,  the  top  one.  Two 
keys  r  and  <',  each  equipped  with  an  ebonite  button,  are  so  con- 
structed as  to  catch  the  spring  h  when  it  is  depressed,  and  hold 
it  firmly.  When,  after  the  spring  h  has  been  depressed,  the  key 
marked  dise/iat'f/e  is  tripped,  it  flies  uj)ward  until  it  strikes  against 
the  upper  set  screw.     AVhen,  however,  the  key  marked  insulate  is 
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depresswl,  the  sjirirj^  A  fliea  upward  until  it  strikes  a^inst  llie 
tooth  of  t\ui  disc'harcre  key,  winch  lioltls  it  in  a  mid  {KJRitioii  insu- 
lated from  Ixjth  tlie  upper  and  lower  set  screws.     The  method  of 


Fig.  283. 

connectinjT  up  will  be  described  later.  The  standard  megohm 
resistance  used  to  get  a  constant  is  one  of  the  many  forms  gotten 
out  for  this  purpose,  as  is  the  standard  condenser. 

The  method  of  wiring  up  the  galvanometer,  battery  key,  bat- 
tery, and  standan.1  resistance  to  get  a  constant  is  shown  in  Fig.  2S5. 
Here  a  denotes  the  battery,  t/i  the  battery  reversing  key,  b  a  tapi)er 
key  to  short  circuit  the  gal- 
vanometer, //  the  galvanom- 
eter, «'  the  shunt,  andy  the 
standard    met'ohm    resist- 
ance.     If  the  spring  2  is  in 
its    normal    ])osition,  and 
spring  H  depresscil,  the  cur- 
rent flowing  from  //  will  pass  /«*«,-be*^^^3«/,«cAa»y* 
from  contact  1  to  spring  2                           ^g^  284. 
and  thence  through  the  gal- 
vanometer and  shunt,  when  f/  is  depressed,  to  the  spring  3,  from 
this  ])oint,  to  the  contact  r,  through  the  megohm^*,  returning  to 
the  ]>attpry.     If  spring  2  is  depressed  and  8  normal,  the  direc- 
tion of  current  flow  through  the  galvanometer  will  be  reversed. 
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When  a  constant  liar.  Ixhm)  obtaiiiKl,  tho  standard  megohm  -is 
reversed  and  the  negative  j)ole  of  the  battery  connected  to  tlie  wire 
to  \w  tested,  the  positive  j)ole  of  the  battery  being  grounded  as 
shown  in  Fitr.  280,  where  //  represents  the  joint  between  the  cable 
conductor  and  the  test  wire,  the  insulation  on  the  conductor  being 
shown  at^;,  and  the  sheath  of  the  cable  at  o.  The  terminal  e  is 
grounded.  By  means  of  the  key  m,  either  pole  of  the  battery  can 
be  connected  to  the  line  and  double  readings  taken.  The  magni- 
tude  of  the  deflections  should  be  the  same  in  both  cases. 


FiK.  28."). 

Measurement  of  Capacity.  There  are  many  methods  adopted 
for  measuring  capacity,  but  the  one  oftenest  employed  by  the 
galvanometer  man  is  that  of  proportional  deflections,  and  consists 
of  charging  the  cable  at  a  given  potential,  and  noting  the  magni- 
tude of  the  deflection  at  discharge,  then  comparing  it  with  that 
obtained  by  discharging  a  condenser  of  known  capacity  that  has 
previously  been  charged.  The  method  of  connecting  up  for  this 
purj)Ose  is  shov.n  in  Fig.  287,  in  which  the  standard  inegohm  is 
replaced  by  a  standard  condenser  c  and  the  capacity  key  k  is  in- 
troduced. This  key  I'  is  depressed,  causing  current  from  the 
battery  to  charge  the  condenser.  The  key  k  is  then  released,  flies 
to  its  upper  position  and    discharges  the  condenser  through  tiie 
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galvHiiuiiieter.  When  a  constant  detleetion  Las  been  ubtained  the 
condenser  is  removed,  and  one  terminal  is  connected  to  the  con- 
ductor to  be  testetl,  and  the  other  to  ground,  as  shown  in  Fig. 
288,  where  the  contact  <  of  the  battery  switch  and  one  terminal  of 
the  battery  are  connected  to  the  conductor  at  c,  the  insulation 
iH'ing  sliown  at  n  and  the  slieath  at  b.  The  spring  of  the  capacity 
key  is  grounded.     AVith  tlie  key  Jc  in  its  lowest  position   the  cable 
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Fig.  286. 

is  charged.     Hut  when  it  is  allowed  to  fly  up,  the  battery  is  cut 
off  and  the  cable  discharged  through  the  galvanometer. 

Murray  and  Varley  Loop  Tests.  The  galvanometer  man 
uses  these  two  tests,  to  determine  the  insulation  resistance  and 
cajjacity  of  each  conductor  of  the  cable.  The  defective  conductors 
are  thus  picked  out  and  the  next  j)iece  of  work  to  |)erform  is  to 
locate  the  trouble  found.  There  are  two  methods  employed  of  doing 
this,  each  one  having  its  {)eculiar  advantages;  and  both  having  in 
common  the  advantage  of  simplicity.  They  are  known  as  the 
Murnnj  Lonjt  Trf<t  and  the  Vorl*  ij  T.onjt  Totf,  With  both  of 
these  tests  the  AVheatstone  bridge  methinl  isemployinl.  The  scheme 
of  connection  for  the  former  is  shown  in  Fig.  281).     One  tenuiual 
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of  the  battery  \s  grounded,  and  the  other  one  is  connected  to  the 
junction  of  h  and  dy  or  what  is  the  same  thing,  between  the  rheo- 
stat and  one  arm  of  the  bridge.  The  other  arm  of  the  bridge  is 
])lugged  up  as  shown,  l^ety'  be  the  location  of  the  ground  located 
on  conductor  No.  1  and  let  conductor  No.  2  be  any  other  good  con- 
ductor in  the  samo  cable,  and  suppose  that  their  ends  are  joined 
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at  jf.  The  resistances  at  I  and  <J  are  adjusted  until  a  balance  ia 
reached  and  no  current  flows  through  the  galvanometer.  Denot- 
ing by  /',  the  resistance  of  the  conductor  from  C  to  the  fault,  and 
by  I/,  that  from  E  to  the  fault,  we  have 

b  X  y  =  d  X  £0  10 

Denote  by  L  the  resistance  of  the  whole  loop,  and  we  have 
a?  H-  y  =  L  11 

y  =  L-a?  12 

Substituting  for  y  in  equation  10  its  value  fouiid  from  equation  12, 
we  get 

h  (L  -  ic)  =  d  X  so 

^  19 
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which  gives  the  resistance  of  the  conductor  from  the  exchange  to 
the  fault  in  terms  of  the  two  known  resiBtanc^s  of  the  liridge,  and 
that  of  the  whole  loop. 

Knowing  the  gauge  of  the  conductor  the  location  of  the  fault 
cao  Ihj  determined  from  the  resistance.     To  get  the  loop  condition. 
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all  that  is  necessary  is  for  the  galvanometer  man  to  send  his 
assistant  out  to  the  cable  box,  at  which  point  the  defective  con- 
ductor and  a  good  one  selectetl  at  random  are  joined.  If  more 
than  one  conductor  Ije  found  defective,  a  test  is  made  on  each  one, 
or  on  a  sufficient  numl)er  to  determine  that  they  are  all  defective 
at  the  same  point. 

In  Fig.  200  is  shown  the  scheme  of  wiring  for  the  Varhij 
Ltntjt  Tfxt.  Here  B  C  and  A  B  are  the  two  bridge  arms  and  A  E 
is  the  adjustable  resistance.  The  defective  conductor  is  shown  at 
No.  2  and  the  good  one  at  No.  1  They  are  joined  at  p.  The 
fault  is  at,/'.  The  resistance  d  is  adjusted  until  balance  is  estab- 
lislunl,  when  wt^  have 

a(d-\-x)  =  hy  14 

where  the  symbols  denote  the  same  quantities  at)  in  the  previous 
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case      Letting  as  before  the  total  resistance  of  the  loop  be  denoted 
by  L,  we  have 

OP  -\-  y  =  Jj 

1/  =  li  -  X 
Substituting  a  {d  -\-  ic)  =  h  (L  -  x)  15 

h\i  -  ad 

'''  ^ '  ir-\^~r 

L-d 


If 


!j  =s  a  then  x  = 


16 
17 


which  gives  the  resistance  to  the  fault  in  terms  of  the  total  resist- 
ance  of  the  loop  and  the  adjustable  resistance. 


Fig.  289. 

Cable  faults  are  usually  located  in  the  splices,  and  are  due  to 
more  or  less  careless  work  on  the  part  of  the  cable  splicer,  in  either 
not  properly  making  the  joints,  or  not  properly  placing  the  insu- 
lating sheeving,  or  not  properly  boiling  out  the  splice  after  it  has 
been  made.  Again,  when  the  joint  in  the  cable  sheath  has  cot  been 
properly  wiped,  moisture  is  apt  to  leak  in  to  the  conductors,  thus 
causing  grounds.  When  the  trouble  has  been  located  in  the  splice, 
the  cable  man  is  sent  out  to  open  it,  examine-  its  condition,  prop- 
erly re-make  it  and  wipe  it  over  again,  after  which  it  is  again  tested 
out  to  make  sure  that  the  trouble  has  been  cleared.  When  the 
trouble  is  located  in  the  cable  between  splices  it  is  usually  due  to 
mechanical  injury  or  to  the  fact  that  the  cable  has  not  been  prop- 


346 


-^      .,t;?:i^-- 


TELEPHONY 


SSI 


erly  constrncteo.  "When,  however,  this  condition  obtains,  tlie  only 
thing  to  do  is  to  replace  the  defective  section,  and  this  work  is  per- 
formed in  the  following  manner  : 

Let  a  and  h  in  Fig  21)1  represent  two  manholes,  and  let  1,  1, 
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2,  2,  3,  3,  etc.,  represent  the  conductors  of  a  cable  that  has  become 
defective  at  the  point  ./•  between  the  two  manholes.  A  new  cable 
c  is  run  in  a  spare  duct  between  the  two  manholes,  the  lead  sleeve 
on  the  old  cable  is  removed  in  the  manhole  (f,  and  the  conductors 
of  the  new  cable  are  joinetl  to  those  of  the  old  one  at  random. 
This  having  l>een  done  the  lead  sleeve  is  removeil  from  the  old 


cable  and  the  conductors  of  the  new  cable  are  spliced  to  those  of 
the  old  in  the  following  manner: 

In  Fig.  202  let  1,  2,  3,  etc.,  represent  the  conductors  as  l>efore. 
only  three  conductors  being  shown  for  simplicity.  A  telegraph 
relay  t1  has  one  terminal  connecte<i  through  a  battery  r  to  one  of 
the  conductors  selected  at  random  as  No.  L  Tlie  other  tenninal 
of  the  relay  is  grounded  at  //.  To  the  local  of  the  relay  is  connected 
the  battery  //'  and  the  buzzer  y.     The  lineman  is  e<juipj)ed  with  a 
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pair  of  shears  <?,  which  he  always  uses  to  skin  oflf  the  insniation 
and  to  cut  the  wire.  To  tliese  shears  is  attached  a  wire  grounded 
at  g  With  these  shears  he  cuts  through  the  insulation  of  all  the 
conductors  so  as  to  touch  the  wire,  and  when  the  conductor  to 
which  No.  1  has  been  joined  is  reached,  a  circuit  will  be  found 
through  the  shears  and  wire  to  ground,  causing  current  to  flow 
through  the  relay  d  and  the  buzzer/"  to  ground  The  proper  con- 
ductor having  been  thus  located,  it  is  cut,  and  the  end  of  the  por- 
tion from  h  on  is  spliced  to  No.  1  conductor  in  the  new  cable, 
while  the  portion  running  between  a  and  h  is  left  open.  The  cir- 
cuit is  thus  made  over  the  conductor  in  the  new  cable  between  the 
two  manholes.  The  relay  is  then  connected  to  another  conductor 
in  the  new  cable  selected  at  random,  and  the  conductor  to  which  it 
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has  been  attached,  found  as  in  the  previous  manner,  and  a  joint 
made.  This  process  is  continued  until  all  the  conductors  in  the 
new  cable  have  been  joined  to  those  in  the  old. 

The  condition  at  this  stage  is  that  shown  in  Fig.  293,  where 
the  conductors  of  the  new  cable  are  shown  connected  to  those 
in  the  old  cable  at  6',  d,  and  e,  in  manhole  Z»,  while  the  conductors 
in  the  old  cable  are  shown  dead  between  the  two  manholes.  Care 
must  be  taken  not  to  short  circuit  or  cross  the  free  ends  of  these 
conductors  in  manhole  J,  as  they  are  still  connected  to  working 
M'ires.  The  lineman  then  goes  to  manhole  a  and  cuts  off  the  old 
conductors  running  between  the  two  manholes,  after  which  the 
new  splices  at  a  and  h  are  boiled  out  and  the  joints  wiped.  The 
length  of  old  cable  between  the  two  manholes  is  then  pulled  out 
and  the  work  is  completed. 
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THE  PUPIN  SYSTEM  OF  LOADED  CIRCUITS. 

The  subjt'ct  of  iiicrt'iisiiig  iiuK'tiiiit»*ly  tht*  lony  dUtance  limit 
qftransniisglon,  is  one  which  has  interested  telephone  engineers 
over  since  the  beginning  of  the  art.  With  the  best  possible  con- 
struction, ami  the  most  iniprovtHl  appamtus,  the  limit  of  tmnsmis- 
sion  over  open  wires  is  about  1,200  miles.  When  edibles  are  used 
to  make  up  portions  of  the  line,  this  figure  is  materially  reduced; 
the  amount  of  nxluction  depending  upon  the  perc(>ntage  of  cable 
with  which  the  line  is  made  up.  This  loss  of  transmission  current 
is  due  to  thrtv  factors,  disn«gjirtling  the  leakiige  through  the  insu- 
lation resistance;  and  they  are:  lieststatu^e  of  the  line,  Caparity 
of  the  line,  and  Self  uuhict ion  of  the  line. 

The  renistnnre  factor  can  be  retluce<l  by  increasing  the  size  of 
the  conductor;  but  this  increase  is  limited,  as  has  already  been 


Fig.  293. 

shown,  by  practical  line  construction  considerations.  The  capacity 
factor  cannot  be  affected,  as  in  the  best  construction,  it  is  already 
reduced  as  low  as  possible.  The  one  remaining  factor,  that  of  self 
induction,  sei'ms  to  be  the  only  one  that  ain  be  looked  to  for  aid  in 
increasing  the  limit  of  transmission.  This  ix)int  was  grasped  by 
the  pionet^r  writers  in  this  field,  and  during  the  World's  Fair  in 
Chiciigo,  111.,  the  English  scientist,  Sylvanus  P.  Thompson,  advo- 
cated the  construction  of  a  cable  that  shoidd  have  electromagneto 
or  retartlation  coils  placetl  at  intervals  throughout  its  length,  so 
that  by  increasing  the  self  induction,  the  effect  of  the  static  capacity 
might  be  overcome  and  the  limit  of  transmission  thereby  incrt*ast>tl. 
This  scheme  waa  subsequently  tried  several  tinu»s,  but  so  far 
from  meeting  with  succ«'ss,  it  was  found  that  the  transmission  was 
not  as  good  under  these  conditions,  as  with  the  circuit  in  normal 
condition.  It  was  found  that  the  presence  of  the  magnetic  coils  on 
the  line  produced  electric  "echoes,"  which  made  the  transmission 
very  indistinct.    The  experiment  showed  that  while  increasing  the 
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self  induction  of  a  line  uniformly  throughout  its  length  increased 
the  distance  over  which  transmission  could  be  carried  on,  the 
presence  of  increased  self  induction  at  jxjints  along  the  line  had  the 
opposite  effect.  At  this  point  the  matter  was  allowed  to  rest,  until 
Professor  M.  I.  Pupin  discovered  in  a  very  ingenious  manner,  the 
proper  intervals  at  which  the  points  of  high  self  induction  must  be 
placed,  in  order  that  the  effect  would  be  the  same  as  if  the  increased 
self  induction  were  distributed  uniformly  throughout  the  length  of 
the  line.     His  method  of  reasoning  was  as  follows: 

To  start  with,  the  electrical  energy  in  the  talking  current  is 
transmitted  from  one  end  of  the  line  to  the  other  in  wave  motion. 
The  amplitude  and  wave  length  depend  upon  two  factors:  Firsts 
the  intensity  and  law  of  variation  of  the  impressed  E.M.F.  at  the 
transmitting  end,  and  Second.,  the  nature  of  the  reactions  of  the 
circuit.  The  intensity  and  variation  of  the  impressed  E.M.F.  at 
the  transmitting  end,  will  follow  exactly  the  intensity  and  law  of 
variation  of  the  exciting  force,  which  in  the  case  under  discussion 
is  the  energy  of  the  sound  waves.  This  quantity  being  easy  of 
determination,  nothing  further  may  be  said  on  the  subject.  The 
quantities  to  be  considered  are  the  reactions  which  take  place  in 
the  circuit.  It  will  be  of  material  assistance  to  the  proper  under- 
standing of  the  subject,  if  the  analogous  case  of  wave  transmission 
over  a  cord,  be  considered  first. 

Suppose  that  in  Fig.  294,  one  end  a  of  the  string  ah  he  agi- 
tated backward  and  forward  in  the  direction  of  the  arrows  by  a 
simple  harmonic  motion.  A  wave  of  decreasing  amplitude  will  be 
transmitted  along  the  string  from  the  point  a  towards  the  point  h. 
That  the  amplitude  decreases  is  shown  by  the  fact  that  the  ordinate 
1-2  is  greater  than  3-4,  which  in  turn  is  greater  than  5-6,  etc.  The 
wave  motion  dies  out  before  h  is  reached,  so  that  no  energy  is  felt 
at  this  point.  Let  us  consider  now  the  reaction  that  takes  place 
in  the  string. 

First,  there  is  the  inertia  reaction,  which  is  due  to  the  kinetic  energy 
stored  up  in  the  mass  of  the  string. 

Second,  there  is  the  elasticity  reaction,  due  to  the  tension  exi.sting 
between  the  particles  of  the  string  when  distorted. 

Third,  there  is  the  frictional  reaction,  due  to  the  production  of  heat. 

Of  these  three  reactions,  the  first  and  second  are  useful  in 
propagating  the  wave  motion  through  the  length  of  the  cord.   The 
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inortiu  of  the  cord  acts  like  tho  inertia  of  the  fly-wheel  of  an 
engine  to  absorb  the  energy  given  out  by  the  piston  roil,  and  give 
it  out  again  to  the;  machinery.  The  elasticuty  ri'aotion  IxMugduo  to 
increasetl  ti'nsion  Ix-tweeii  the  jMirticles  of  th«'  cord,  tends  to  iiiakc 
it  return  to  its  original  {X)8ition. 

The  method  of  procedure  is  somewhat  as  follows:  The  end  of 
the  string  <i  having  been  displacinl  to  the  right  by  the  disturbing 
force,  the  inertia  of  the  conl  tends  to  transmit  this  motion  to  th«' 
remaining  jwrtion,  and  in  so  doing  transforms  itself  into  elastic 
energy  or  tension  between  the  iMirticles.  Wht«n  this  tension  has 
become  equal  to  the  energy  of  in- 
ertia, its  reaction  brings  the  string 
to  rest,  and  causes  it  to  move  bjick 
to  its  original  ixisition.  When  the 
original  i)osition  h{is  been  reache<l, 
this  elastic  energy  has  bet'U  re- 
transformed  into  energy  of  inertia 
which  carries  the  string  piist  the 
original  ixjsition  to  some  jwint  (^n 
the  opposite  side.  As  the  string 
pisses  the  original  position,  its 
energy  of  inertia  is  iigain  trans- 
formetl  into  elastic  energy,  till, 
when  this  transfonuation  is  com- 
pletetl,  the  cortl  again  comes  to  rest. 
The  elastic  enei^y  again  causes  the         l''ig-  '-ilW.  Fig.  295. 

string  to  return  to  its  normal  posi- 
tion, and  when  this  point  is  reached,  the  inertia  tigain  carries  it  to 
the  other  side.  The  frictional  reaction  tends  to  produce  heat  only, 
and  is,  therefore,  useless  in  i)roimgating  the  wave  motion  along  the 
conl.  Now,  this  motion  will  continue  to  be  proiMigatiHl  along  the 
cortl  until  the  successive  losst'S  due  to  the  frictional  reaction  have 
become  so  great  as  to  absorb  all  the  enei^,  whereupon  the  string 
comes  to  rest. 

From  these  conditions  it  will  Ix'  api^irent  that  there  are  thnn^ 
methotls  by  which  the  dist^ince  over  which  the  wave  motion  can  be 
proi)agated,  may  be  increased: 
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First,  by  the  reduction  of  the  frictional  reaction. 
Sevoyid,  by  increasing  the  elastic  reaction. 
Third,  by  increasing  the  inertia  reaction. 

It  is  a  well  known  principle  of  Mechanics  that,  all  motion  is 
attended  by  friction;  so  that  while,  with  properly  designed  mech- 
anism friction  may  be  reduced  materially,  it  can  never  be 
eliminated.  Supposing  that  in  the  case  of  the  cord  just  consid- 
ered, the  friction  to  be  reduced  as  far  as  possible,  the  next  thing 
to  do  is  to  consider  the  effects  of  increasing  the  inertia  reaction 
and  the  elastic  reaction.  If  the  inertia  of  the  string  be  increased 
by  making  it  of  heavier  material,  the  inertia  reaction  will  be  in- 
creased corresix)ndingly,  and  the  ratio  of  the  frictional  reaction  to 
the  inertia  reaction  will  be  reduced  so  that  the  wave  motion  will 
be  transmitted  to  a  greater  distance  before  the  useful  energy  is  ab- 
sorbed, as  shown  in  Fig.  295,  and  if  the  inertia  is  sufficiently 
increased  some  energy  may  be  transmitted  to  h. 

Again,  should  the  elastic  reaction  be  increased,  by  increiising 
the  tension  of  the  string,  the  distance  over  which  the  wave  mo- 
tion can  be  propagated  will  also  be  increased,  as  shown  in  Fig. 
296.  In  this  case,  however,  it  will  be  noticed  that  the  wave  length 
is  increased.  So  far  the  method  of  increasing  the  inertia  consid- 
ered has  been  by  increasing  the  mass  of  the  string  uniformly 
throughout  its  entire  length.  The  next  method  of  increasing  the 
inertia  of  the  cord  is  by  attaching  weights  to  the  string  at  inter- 
vals.  If  the  intervals  at  which  these  weights  are  attached  be 
properly  selected,  the  result  will  be  that  the  distance  over  which 
the  wave  motion  is  propagated  will  be  equal  to  that  of  a  cord  of 
uniform  mass,  whose  inertia  is  the  same  as  that  of  the  loaded  cord. 
This  point  is  illustrated  in  Fig.  297,  where  1,  2,  3,  4,  etc.,  repre- 
sent the  weights  attached  to  the  cord.  It  being  assumed  that  the 
distance  between  the  weights,  a-1,  1-2,  2-3,  etc.,  is  the  proper  one, 
the  mass  of  the  cord  plus  the  weights  must  be  the  same  as  that 
of  the  uniform  cord  shown  in  Fig.  295  in  order  to  have  the  condi- 
tions of  wave  transmission  the  same  in  both  cases. 

It  can  be  shown  readily  by  exxDeriment,  that  even  if  the  mass 
be  retained  constant,  and  the  weights  be  not  placed  at  the  proper 
intervals,  the  resultant  wave  transmission,  so  far  from  being  im- 
proved by  their  presence,  will  be  decreased,  as  shown  in  Fig.  298, 


852 


TELEPHONY 


837 


I    I..-J  2 


where  1  aiul  2  rupresent  two  weights  whose  combined  mass  is 
equal  to  that  of  the  weights  shown  in  Fig.  297. 

It  will  Ixi  soon  then,  that  as  far  as  the  caiwicity  for  trans- 
mitting wave  motion  is  concenuil,  a  loiuled  string  can  bo  made 
ecjual  to  a  anifomi  miloaded  string,  if  sufficient  mass  bo  added  to 
the  former,  to  make  tho  two  strings  etpial  in  this  respect,  pro- 
vide<l  this  addtxl  mass  is  subdivided  and  each  iwrtion  placed  at 
the  proijer  interval  along  the  string. 

We  are  now  prepared  to  con- 
sider the  analogj'  existing  between 
the  case  of  wave  motion  being 
transmitted  over  a  string,  and 
electrical  wave  motion  being  trans- 
mitted over  wire.  When  an  alter- 
nating current  is  transmitted  over 
a  circuit,  three  reactions  take  place. 
First,  'uKhn'tanre  reaction^  calle<l 
onlinarily  the  counter  E.M.F.  of 
self  induction,  and  which  corre- 
six)nds  to  the  inertia  reaction.  Sec- 
ond, capacity  reaction,  which  cor- 
resix)nds  to  the  elastic  reaction. 
Third,  resistance  reaction^  which 
corresiwnds  to  the  frictional  reac- 
tion. Denote  tho  inductance  re- 
action by  Ri;  the  ciijjacity  reaction, 
by  Re",  and  tho  resistance  reaction,  by  Rr.  Reaction  as  used  in  this 
discussion  is  defined  as  that  (pmntity  which,  multiplie<l  by  the  cur- 
rent flow,  gives  the  rate  at  which  energy  is  given  out.  Denoting 
therefore  by  I,  the  current  flow,  we  have  the  following  equations: 

Ri  I  =>  Energy  expended  in  overcoming  the  inductance  reaction. 
K«  I  =  Energy  expended  in  overcoming  the  capacity  reaction. 
Rr  I  =  Energy  ex()ended  in  overueming  the  resistance  reaction. 

Denoting  the  total  enei^  delivered  to  the  circuit  by  Ec  we 
have  Ec  =  Ri  I  +  Re  I  +  Rr  I,  which  is  a  statement  in  mathe- 
matical form  of  the  law  that  action  and  reoction  are  etjual.  The 
first  two  reactions  an?  calletl  conservatire  reart4onM  and  an?  useful 
in  transmitting  energy  over  the  circuit.     The  last  is  used  up  in 
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generating  heat  only,  and  represents  lost  energy.  The  first  two 
correspond  to  the  inertia  and  elastic  reactions  in  the  case  of  the 
cord;  and  the  last  to  the  resistance  reaction.  The  first,  or  in- 
ductance, reaction  represents  the  energy  utilized  in  producing  a 
magnetic  field  around  th«  wire.  This  magnetic  field  is  cax^able  of 
returning  its  energy  back  to  circuit  in  the  form  of  current.  The 
capiicity  reaction  represents  the  energy  utilized  in  establishing  an 
electrical  stress  between  the  conductor  and  its  sur- 
rounding medium.  This  electrical  stress  is  capable 
of  returning  its  energy  to  the  circuit  in  the  form  of 
current  flow. 

From  mathematical  considerations  of  the  propa- 
gation of  electrical  energy  along  circuits,  we  have  the 
following: 

Ri  =  a  L  where  a  is  a  constant  and  L  the  coef- 
ficient of  self  induction  of  the  circuit.  From  the  ex- 
pression, it  is  apparent  that  the  inductance  reaction 
varies  directly  with  the  self  induction  of  the  circuit, 
so  that  the  greater  the  self  induction  the  greater  will 
be  its  reaction. 
Again  we  have 

Re  —  h-^. 

^  where  h  is  another  constant,  and  -^  the  reciprocal  of 

Fig.  298.       ^^®  capacity  of  the  line.     From  this  expression  it  will 

be  seen  that  the   cai^acity  reaction  varies  inversely 

with  the  capacity  of  the  circuit;  so  that,  the  greater  the  capacity 

the  less  will  be  its  reaction. 

Again, 

Rr  =  R  I*,  where  R  denotes  the  resistance  of  the  circuit  and  I 
the  strength  of  current  flow,  this  latter  expression  being  well  known. 

From  the  above  considerations  it  is  evident  that  there  are  three 
ways  of ^  increasing  the  transmission  limit:  First,  by  increasing 
the  self  induction.  Second,  by  decreasing  the  capacity.  Third,  by 
decreasing  the  resistance.  The  limit  to  which  the  resistance  of  the 
circuit  can  be  dticreased  has  already  been  discussed  under  Line 
Construction,  so  that  this  discussion  will  be  limited  to  what  can  b© 
4one  with  the  other  two.     With  the  use  of  the  present  paper  insii. 
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luteil  cables  and  open  wire  line  construction,  the  ca|>acity  has  been 
rotluced  to  a  jK>int  beyond  which  there  does  not  seem  to  be  any 
chance  of  proj^n'ssin^.  Therefore,  the  only  reaction  that  can  bt; 
improvtHl  is  the  inductance  reaction.  As  stated  above,  this  point 
hiul  already  been  recognized,  but  all  attempts  to  make  use  of  it  led 
to  failure,  due  to  the  fact  that  the  points  of  increased  self  induction 
were  not  properly  selectetl.  These  results  were  similar  to  those 
obtained  when  the  vibrating  cord  was  improperly  loiided,  as  shown 
in  Fig.  298.  Professor  Pupin's  discovery  consists  in  determining  by 
mathematical  considerations  the  projx^'r  intervals  at  which  theiwints 
of  increased  self  induction  should  be  locatetl.  This  inter\al  varies 
with  the  capacity  of  the  line,  and  for  oixrn  wirelines  has  bt?en  estab- 
lisheil  at  2^  miles,  while  for  edibles  the  interval  is  about  1,000  feet. 

The  8<*henie  adopted  is  to  cut  into  the  line  at  the  intervals 
mentionetl,  a  ret^inlation  coil,  thus  producing  a  ix)int  of  high  self 
induction.  These  coils,  called  loading  coils,  are  encased  in  iron 
boxes,  made  perfectly  water  tight,  and  so  constructed  as  to  be 
momited  on  the  pole.  For  cable  work,  they  are  placed  in  manholes, 
the  case  being  so  constructed  as  to  be  capable  of  being  mounted  on 
the  side  of  the  manhole. 

For  cable  work,  the  loading  coil  hcis  proved  very  successful ; 
but  in  connection  with  oix.'n-wire  lines,  there  has  been  experienced 
considerable  trouble  due  to  lightning.  This  difficulty  will  no  doubt 
be  overcome.  Transmission  is  increased  by  the  use  of  the  Icwid 
coil  about  25  per  cent. 

PRIVATE  BRANCH  EXCHANGES. 

Certain  classes  of  subscribers,  such  as  hotels,  factories,  and 
corporations  located  in  the  large  modem  office  building,  often 
require  an  extension  of  telephone  service  beyond  that  given  under 
ordinary  conditions.  This  arises  from  the  fact  that  the  number  of 
calls  ix*r  day  for  this  class  of  subscriber  is  very  high,  and  because 
a  local  ser>ice  is  retjuired  in  addition.  For  example  take  the  case 
of  an  insurance  comivmy  occupying  many  rooms  in  an  office  build- 
ing, and  being  8ubdivid(><l  into  many  de})artment8,  s^iy  ten.  The 
head  of  each  de|)artment  ri'quiring  telephonic  communication  in 
his  own  office,  it  will  Ix?  necessiiry,  unless  some  other  plan  be 
devised,  to  place  in  each  office  at  least  one  telephone  connected  U 
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a  direct  wiro  to  the  telephone  exchange.  This  arrangement  would 
call  for  ten  direct  lines.  Now  the  necessity  for  these  ten  lines 
arises  from  the  fact  that  a  telephone  must  be  placed  in  each  office, 
and  not  beciiuse  this  number  is  required  to  handle  the  business. 
It  follows,  therefore,  that,  each  line  will  be  operated  far  below  its 
normcal  c^qxicity  of  calls. 

To  illustrate  the  above,  suppose  the  total  number  of  calls  sent 
and  received  by  the  company  per  day  to  be  100.  Assuming  that 
the  business  is  equally  divided  among  the  various  offices,  the  total 
number  of  calls  handled  by  each  line  would  be  ten,  which  does  not 
approach  the  capacity  of  a  telephone  circuit. 

Again,  in  addition  to  the  calls  to  and  from  other  companies, 
there  would  often  be  occasion  for  one  department  to  hold  com- 
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munication  with  another,  which  under  the  existing  conditions  could 
be  done  by  establishing  the  connections  through  the  exchange  in 
the  regular  manner.  This  means  that  for  these  inter-department 
communications,  lines  to  and  from  the  exchange  must  be  main- 
tained, whereas  short  lines  extending  only  between  the  various 
departments  are  all  that  is  required. 

To  handle  this  class  of  business  on  a  more  economical  basis 
the  private  branch  exchange  was  devised.  The  private  branch 
exchange  is  nothing  more  than  a  switchboard  placed  in  some  con- 
venient locality  within  the  offices  of  the  subscribing  company.  To 
this  switchboard  are  run  from  the  exchange  a  sufficient  number  of 
lines  to  handle  the  total  number  of  calls  for  outside  points.  From 
this  switchboard  also  extend  lines  to  each  one  of  the  telephones 
placed  in  the  department  offices.  The  lines  to  the  exchange  are 
Called  trunks,  while  those  to  the  telephones  are  called  auxiliary 
lines i  or  extension  lines. 
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Thesiist'  of  the  switch bounl  rt'quirtxl  ileix^nds  uixjn  the  neous- 
Bary  number  of  liiu'S  of  thcst*  two  chisses.  For  examph',  if  there 
are  ten  extension  lines  and  two  tnuiks  nniuirfxl,  the  switc^hlxxinl 
ninst  have  a  cajwcity  of  12  lines.  Sinc<?  t«4ephono  business  grows, 
as  a  general  thing,  it  is  well  to  look  to  the  fature  and  provide  a 
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Fig.  300. 

switch boiird  with  a  c^ipacity  somewhat  in  excess  of  the  actual 
reiiuireuients.  This  practice  allows  of  this  class  of  switchboard 
being  made  in  sUmdanl  sizes,  which  are  usually  of  5,  10,  20,  40,  50 
and  100-linc  ca()acities. 

In  design  and  construction    these  switchboiirds  are  of  two 
dasses.    Those  in  which  the  connections  are  made  by  means  of  the 
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usual  connecting  cords,  called  cord  hoards^  and  those  in  which  the 
connections  are  established  by  means  of  keys,  called  cordless  hoards 
The  5  and  10-line  brand  are  usually  of  the  latter  class,  while  those 
of  larger  ciipiicities  are  of  the  former  type,  on  account  of  the  ex- 
cessive number  of  keys  required  were  they  constru(;ted  in  this 
manner.  The  cord  boards  are  of  the  type  of  the  standard  switch- 
board, but  made  of  various  sizes  to  meet  the  requirements  of  sub- 
scribers and  with  a  view  toward  economy  of  space. 


Fig.  301. 

In  Fig.  299  is  shown  the  circuit  of  a  trunk  line  terminating  in 
a  private  branch  exchange  board;  and  in  Fig.  300  is  shown  the 
wiring  of  the  cord  circuit  and  operator  telephone  set. 

Referring  to  Fig.  299,  the  tnmk  is  shown  entering  the  office  at 
a.  It  is  wired  in  the  same  manner  as  an  ordinary  subscribers'  line 
in  every  jjarticular,  and  in  the  exchange  is  connected  in  the  usual 
way  to  the  proi)er  subscriber  multiple  and  answering  jacks.  At  h 
is  shown  a  small  cross-connecting  board,  which  is  mounted  in  the 
rear  of  the  private  branch  exchange  switchboard.     This  cross-con- 
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nocting  boanl  is  constmctiKl  in  n  Bimilar  manner  to  that  shown  in 
Fig.  172.  It  is  ecjuipjuHl  with  two  rows  of  lugs,  as  1  and  2,  and  3 
and  4.  To  the  bottom  row  the  wires  from  tht;  outside  are  soldered 
while  the  line  jacks,  such  as  5,  are  jx'nnanently  wire**!  to  the  other 
row,  the  circuits  being  conipletetl  by  the  cross-coniMx-ting  wire 
shown  by  the  broken  lines.  It  will  be  seen  that  the  circuit  is  the 
same  as  that  of  a  subscriber  line  entering  a  standanl  switchlxMinl. 

Referring  to  Fig.  3(X),  it  will  be  setni  that  the  cord  circuit  also 
is  the  sauit;  as  that  used  on  a  standanl  switchboard.  The  ringing 
current  generator  is  of  the  same  tjrpe  as  that  used  on  a  subscriber 
telephone  and  is  tunutl  by  hand.  The  transmitter  battery  is  usu- 
ally made  up  of  two  Fuller  cells.  The  switchljoanl  is  designetl  for  a 
cajMicity  of  10  piirs  of  cord  circuits;  but  where  the  full  capacity  is 
not  netnleil,  is  only  ijartiaily  equipped.  In  private  branch  exchanges 
where  the  busint'ss  is  so  heavy  that  it  would  be  inconvenient  for 
the  operator  to  ring  with  a  hand  generator,  ringing  current  is  sent 
from  the  exchange  over  special  conductors,  and  wired  to  the  ringing 
keys  of  the  private  branch  exchange  switchboiird.  The  extension 
lines  are  wired  at  the  private  branch  switchboard  end,  as  shown 
in  Fig.  299. 

In  Fig.  301  is  shown  a  complete  connection  between  the 
exchangi',  and  an  extension  station  at  a  private  branch  exchange. 
Here  the  multiple  jacks  in  the  exchange  are  shown  at  a,  i,  c,  and 
d'y  while  the  answering  jack  is  shown  at  e,  the  drop  at  /,  and  the 
busy-test  and  restoring  battery  at  g.  The  intermediate  distribut- 
ing board  is  seen  at  /i  and  the  main  distributing  board  at  /.  The 
tyiX"  of  switchboard  hert?  shown  is  bridging,  but  might  just  as 
well  be  series.  At^*  is  shown  the  trunk  to  the  private  branch  ex- 
change, and  it  will  b«'  seen  to  Ix'  terminate<l  at  the  connecting 
board  k.  The  jack  is  shown  at  I'  and  the  drop  at ;//.  The  exten- 
sion telephone  is  shown  at  w,  and  it  will  be  seen  that  the  exten- 
sion line  is  wired  to  the  connecting  board  /•  as  already  described. 
The  jack  is  shown  at  /  and  the  drop  at  /n.  The  connection  is 
shown  complettnl  through  the  cord  circuit.  The  connection  at 
the  exchange  is  put  through  in  one  of  the  many  ways  already 
describetl. 

A  connection  btHween  two  extension  stations  is  shown  in  Fig. 
302,  where  it  will  be  seen  that  the  conditions  are  identical  to  that 
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of  a  connection  Ix^tween  two  subscriber  lines  made  over  a  stand- 
ard switchboard. 

In  the  case  of  a  connection  as  shown  in  Fig.  301,  the  clearing 
out  is  simultaneous  at  the  exchange  and  at  the  private  branch. 
Both  subscribers  ringing  off,  throw  the  clearing  out  drops  at  the 
main  exchange  and  also  at  the  private  branch.  The  operator  at 
the  private  branch  disconnects  the  extension  line,  while  the  oper- 
ator   at    the    main    exchange   supervises    and    asks:    "Are    you 
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through?"  The  private  branch  operator  who  is  listening  in  says 
"  Yes,"  and  clears  the  trunk.  The  connection  is  then  cleared  in 
the  main  exchange. 

One  of  the  most  approved  types  of  cordless  private  branch 
exchange  boards  is  shown  in  Fig.  303.  Here  the  lines  are  shown 
atl,  2,  3,  4,  and  5;  they  are  wired  to  the  middle  contacts  of  the 
keys  A,  A\  A",  A"',  and  ?i^^  respectively.  These  keys  are  con- 
structed on  the  same  principle  as  the  ringing  key,  but  are 
equippetl  with  cams  which  normally  keep  the  middle  springs 
away  from  both  the  inner  and  outer  contacts.  When  they  are 
thrown  one  way,  contact  is  made  between  the  inner  points  and 
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middle  springs;  and  whon  thrown  the  opposite  way,  contact  is 
made  betwot'U  the  middle  and  outer  springs.  The  outt?r  springs  of 
these  keys  are  bridgtnl  together  as  are  the  inner  contacts,  so  that 
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Fig.  30B. 

by  wiring  tbo  cams  of  any  two  keys  in  the  same  direction  the 
two  lines  wired  to  them  are  connectetl  together,  either  through  the 
inner  or  outer  contacts.  Bridged  to  each  line  is  the  line  drop 
shown  at  a,  J,  r,  c?,  and  e.    They  are  of  the  same  construction  as 
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those  used  as  clearing  out  drops,  having  a  resistance  of  500  ohms, 
and  being  surroundetl  with  iron  shells  to  prevent  cross-talk.  Also 
bridged  to  each  line  is  a  listening  key  /,  T,  T',  Z"',  and  /'*,  all  con- 
nected to  the  operator  telephone  set  m. 
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The  method  of  operating  this  board  is  as  follows:  Suppose 
that  the  subscriber  on  line  No.  1  wishes  to  be  connected  to  line  No.  2. 
The  line  is  rung  on  and  the  drop  a  thrown.  The  operator  throws 
the  listening  key  I  and  communicates  with  the  calling  party.  To 
make  the  connection,  keys  h  and  /<.'"  are  adjusted  to  make  contact 
on  the  outer  contacts,  and  the  circuit  is  established  between  the 
two.  If  while  this  connection  is  being  maintained,  and  additional 
connection  is  required  between  line  No.  2  and  line  No.  5,  the  keys  V- 
and  h'^  are  adjusted  to  make  contact  at  the  inner  points,  thus 
cutting  the  circuit  through.  Considering  the  number  of  keys  re- 
(juired,  this  tyjx)  of  board  is  not  flexible,  as  only  two  connections 
can  be  established  at  the  one  time.  The  advantages,  however, 
lie  in  the  small  amount  of  space  occupied  by  the  board,  and  the 
ease  with  which  it  can  be  operated. 

In  Fig.  304  is  shown  a  general  view  of  this  type  of  board 
The  drops  and  keys  are  mounted  in  the  face  of  a  neat  cabinet  a 
The  drops  are  shown  at  J,  <?,  <Z,  e,  andy,  the  connecting  keys  at  g^ 
h,  i,  j,  and  k,  and  the  listening  keys  at  I,  m,  h,  o,  and  j9.  The 
cabinet  is  designed  to  be  mounted  on  a  desk,  and  the  wires  are 
brought  ui)  through-  a  hole  in  the  bottom.  The  lid  is  hinged  so 
as  to  lift  up  and  give  access  to  the  inside. 
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There  me  two  principal  groups  of  circuits  for  every  telephone 
dystem,  by  which  all  systems  may  Ixi  classified.  These  groups  are 
circuits  (1)  for  making  connections.,  and  (2)  for  talking. 

The  first  group  of  circuits  may  be  subdivided  into  rnanual, 
automatic,  and  semi-ftutovuitic  systems.  A  manual  system  is 
characterized  by  the  necessity  for  human  operators,  to  whom  ver- 
bal orders  are  given  to  make  the  connection.  An  automatic  sys- 
tem avoids  o|)erator8  by  placing  some  machinery  at  the  disposal 
of  the  calling 'party,  which  machinery  is  operated  directly  from 
the  calling  station.  The  semi-automatic  systems  use  operators 
manipulating  part  of  the  mechanism,  but  not  receiving  verbal 
orders. 

The  second  group  of  circuits  comprises  two  classes — the  local 
battety  and  the  common  battery  systems.  In  the  local  battery 
telephones,  the  current  for  the  transmitters  is  furnished  by  sepa- 
rate sources  of  electricity  at  each  station.  In  the  common  battery 
system,  the  source  for  all  talking  currents  is  centralized  in  the 
exchange. 

Circuits  for  signaling  and  for  guarding  of  established  connec- 
tions must  be  installed  in  connection  with  each  of  the  two  funda- 
mental groups;  and  the  larger  the  exchanges,  the  more  complica- 
tions spring  up. 

THE  STROWQER  SYSTEM 

Amongst  the  automatic  systems,  the  Strowger  systt'm  is  at 
present  the  only  one  used  for  exchanges  of  any  considerable  size. 
Other  completely  autoniatic  systems  have  been  pro{K)sed,  but  they 
are  not  in  commercial  use. 

The  largest  Strowger  exchanges  are  in  Chicago,  111.,  with 
10,0(K)  stations;  Columbus,  ().,  with  S,(MM);  Grand  Uapids,  Mich., 
with  7,()0();  Dayton,  ().,  with  <).(KH);  and  I^os  Angeles,  Cal.,  with 
19,()0()  stations  distributetl  over  eight  exchanges,  the  largest  having 
7,000.     The  first  exchange  of  considerable  size  was  erected  in  Fall 
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River,  Mass.,  in  1898.  Tkis  exchange  is  still  (1906)  in  working 
order. 

The  remarkable  showing  of  the  Strowger  system  justifies  the 
great  interest  of  all  telephone  men  on  the  subject;  and  a  detailed 
descriptiou  of  the  system  will  be  welcomed  by  all  students  of  the 
latest  progress  in  telephone  engineering. 

Before  going  into  details,  the  working  of  the  system  in  gen- 
eral must  \ye  laid  out,  so  that  the  reader  will  at  once  recognize  the 
purpose  and  use  of  all  the  different  parts. 

General  Working  of  Strowger  System.  In  the  exchange,  every 
subscriber's  line  ends  at  the  line  relays  of  a  small  electro-magnetic 
device  about  4  inches  by  13  inches  by  0  inches  in  size,  and  ends 
also  at  contacts  which  form  the  so-called  lanks,  as  described  here- 
after. The  pn'ncipal  part  of  the  machine  is  a  vertical  shaft  of  ^\- 
inch  steel,  11^  inches  long.  It  carries  a  peculiarly  shaped  hub, 
with  horizontal  rings  and  vertical  groovesmilled  in  (see  Figs.  7  and  9). 
By  means  of  electro-magnets,  the  shaft  can  be  moved  about 
vertically  and  horizontally;  and  as  there  are  10  vertical  and 
10  ring-shaped  grooves,  the  shaft  may  assume,  and  by  some  other 
mechanical  parts  may  be  locked  in,  100  different  positions.  The 
shaft  carries,  furthermore,  at  the  lower  end,  three  double-contact 
springs  or  so-called  wipei'S,  which  are  rigidly  fastened  to  it.  If 
the  shaft  is  lifted  by  6  notches  and  rotated  by  9  steps,  the  wipers 
unmistakably  select  the  position  69.  Now,  suppose  the  machine 
to  belong  to  line  No.  34.  If  line  69  is  brought  to  a  pair  of  con- 
tacts which  will  be  engaged  by  the  wipers  of  the  so-called  con- 
nector machine  No.  34  when  operated  as  above,  then  a  connection 
is  made  between  lines  34  and  69.  The  connector  No.  35,  at  which 
line  35  is  ending — in  fact,  all  connectors  in  the  exchange,  which 
at  present  we  assume  to  have  a  capacity  under  100  subscribers — 
must  be  provided  with  contacts  69,  and  in  the  same  way  with  con- 
tacts 70.  In  other  words,  in  a  100- subscriber  system,  every  line 
must  be  represented  at  each  connector.  The  contacts  of  the  same 
number  are  wired  in  multiple;  so,  if  there  are  83  subscribers,  there 
will  be  83  double  contacts  for  each  line,  all  wired  in  multiple. 

The  shape  of  this  piece  of  apparatus  is  determined  by  the 
conditions  of  the  moving  shaft — /.  e.,  a  straight,  vertical  motion; 
and  a  rotary,  horizontal  motion.     The  contacts  must  be  arranged 
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in  cylindrical  pieces.     Tlie  entire  Hrrangeiiieiit — the  contacts,  their 
supports*,  atjil  the  multiple  wirincr — ig  caileti  a  hnjik. 

The  uuinberint/  of  a  hank  stvius  at  tirwt  to  l>e  a  very  simple 
matter;  but  it  usually  takes  some  time  before  newcomers  Ixtcome 
thoroughly  acquainttnl  with  it,  ami  a  full  explanation  of  it  is  essen- 
tial. The  fuuilamental  row  of  nuniUTrt  is  1,2,  3,  4,  5,  <>,  7,  H,  9,  0. 
Attention  U  calletl  to  the  0  after  the  9;  there  is  not  a  10  aft«*r  1>. 
When  the  shaft  is  set  1  up  and  1  around,  the  wi))ers  will  engage 


ujmml^ 


Fig.  1.    flrculi  of  Sev-ti<ia  of  w.  Hoard  for  100  Subscribers. 

contacts  1 — 1  (/.  ^.,  eleven;;  shaft  1  up,  3  in,  engages  13;  shaft  1 
up  and  0  in,  engages  contacts  10;  etc.  In  other  words,  the  lowest 
row  of  bank  contacts  is  numbered  11,  12,  13,  14,  15,  10,  17,  1^, 
19,  10.  It  must  Ihj  strictly  kept  in  mind  that  10  is  followed  by 
10;  No.  20  will  be  2  up,  0  in;  it  is  the  last  contact  in  the  second 
row,  and  follows  20. 

It  is  convenient  to  have  a  name  for  these  rows  of  bank  con- 
tacts. I^ter  on  we  shall  see  that  there  are  all  kinds  of  rows — 
rows  of  l>oards,  of  switches,  of  terminals,  etc.  A  short  and  dis- 
tinct name  for  rows  of  bank  contacts  is  leveJ.  The  expression  "3d 
level"  means  the  entire  combination  of  contacts  and  wires  num- 
bered ''31,  32,-30,  30." 

To  increase  the  capacity  beyond  100,  we  might  make  the 
bank  15  levels  high  with  15  around.  That  would  give  us  15x15 
(=225)  subscriljers.     Such  a  bank  could  l)e  made,  though  it  would 
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Ikj  clunisy,  while  the  arrangement  would  be  extremely  awkward 
from  the  point  of  view  of  numberincr.  What  number,  for  in- 
stance, should  be  given  to  the  line  12  up  and  H  in?  It  really  is 
No.  lf)8,  but  would  have  to  be  j)ul)li8hed  in  the  directory  as 
''12 — B."  This  would  cause  innumerable  troubles  and  misunder- 
standings. 
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PIr.  2  A.    Top  View  of  1st  Tjevel. 


Detailed  Description  of  the  Circuits.  Fig.  1  is  a  diagram- 
matic circuit  of  a  section  of  a  board  for  100  subscribers.  The  line 
relays  and  a  cross-section  of  the  shaft  of  connectors  Nos.  53,  54, 
55,  and  56  are  shown.  We  have  to  imacjine  that  a  cut  has  been 
made  between  the  5th  and  0th  levels,  and  that  we  are  looking  upon 
the  5th  level  contacts;  that  means,  if  a  shaft  is  lifted  by  5  notches, 
its  wipers  will  make  contact  with  bank  contact  51  when  rotated 
1  step,  etc.  The  heavy  lines  indicate  a  call  from  subscriber  No, 
54  to  subscriber  No.  53.  We  see  plainly  that  switch  No.  54  was 
operated  for  this  call,  and  that  switch  No.  53  remained  in  normal 
j)Osition  (or  position  of  rest)  when  being  called. 

How  the  capacity  can  be  increased  beyond  100  subscribers,  is 
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the  next  qnestion  to  l>e  answered.     With  the  switch  as  described, 
it  could  not  l>e  dune.     A  new  principle  must  be  introduced. 

Fig.  2  (A  and  li)  shows  a  diagraininatic  circuit  for  an  ex- 
change of  200  subscribers.  The  half-circles  marked  "115",  "110", 
"117",  and  "271",  "272",  "273",  represent  cross-sections  through 
the  exchange,  the  aanie  as  in  Fig.  1.  Fig  2  A  shows  a  top  view  of 
the  1st  level,  and   Fig.  2  li  shows  a  top  view  of  the  2nd  level. 
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Fig.  2  B.  Top  View  of  8o4  Level. 
Tlu'  reader  is  advised  to  take  Fig,  2  B  and  8uj)erjK>se  it  on  Fig.  2 
A.  In  this  manner  it  is  seen  how  a  switch  raised  by  one  notcli 
will  make  connection  in  the  first  level;  and,  when  raised  by  two 
notches,  will  make  connection  in  the  second  level;  etc.  The 
switches  l)elonging  to  the  lines  100  to  lOt)  are  fastened  on  a  frame 
calle<l  a  lOO  hnnr^l ;  and  all  switches  from  200  to  200  are  mounted 
on  another  frame,  the  200  hoard.  All  contacts  11,  21,  etc.,  12, 
22,  etc.,  on  both  boards,  are  wirwl  together;  /.'•.,  all  contacts  of  the 
same  number  are  connected  together.  There  are  10  such  multiples 
in  each  level — the  bank  multiples  Nos.  11,  12,  etc.,  to  10,  in  the 
first  level;  and  the  bank  multiples  Nos.  21,  22,  etc.,  to  20,  in  the 
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second  level.  These  bank  levels  end — and  this  is  one  of  the  new 
introductions — in  line  relays  of  connectors,,  i.e.,  machines  as 
described  above  for  systems  of  le^  than  100  subscribers.  There 
are  ten  such  secondary  switches  in  the  first  level,  which  may  be 
named  Connector  No.  11,  No.  12,  etc.,  to  Connector  No.  10.  These 
switches  are  mounted  for  the  sake  of  convenience  on  the  same 
frame  as  the  line  switches  100  to  199.  There  are  10  other  con- 
neotors,  No.  21  to  No.  20,  for  the  second  level,  mounted  on  the 
200  board;  and  so  on  for  all  the  other  levels.  Again  the  reader  is 
requested  to  superpose  Fig.  2  B  on  Fig.  2  A. 

Now  suppose  that  subscriber  No.  116  shall  call  No.  273.  No. 
116  will  cause  his  line  switch  to  step  up  into  the  second  level,  and 
to  rotate  inward  one  step.  We  see  that  a  new  principle  lies  in 
this  automatic  rotation.  By  this,  the  first  digit — namely,  2 — of 
the  call  273  is  made.  Fig.  2  plainly  shows  that  No.  116  is  now 
connected  to  the  line  relays  of  Connector  No.  21.  The  subscriber 
causes  Connector  No.  21  to  be  raised  to  the  7th  level ;^  this  makes 
the  second  digit  of  273;  and  finally  No.  116  lets  Connector  No. 
21  rotate  by  3  steps,  and  the  call  is  completed,  as  a  branch  of  line 
273  eads  at  the  connector  bank  contact  No.  73  of  the  ten  connec- 
tors 21  to  20. 

In  the  same  way,  a  line  ending  at  a  line  switch  in  the  200 
board  may  call  a  line  ending  in  the  100  board  by  using  a  bank 
multiple  of  the  first  level,  and  any  one  of  the  Connectors  No.  11 
to  No.  10  to  the  banks  of  which  lines  100  to  199  are  attached. 

While  No.  116  is  talking  with  No.  273,  suppose  No.  117 
should  call  271.  No.  117  will  also  cause  his  line  switch  to  be  raised 
to  the  second  level,  and  the  line  switch  automatically  starts  to 
rotate.  First,  its  wipers  strike  bank  multiple  No.  21.  This 
bank  multiple  is  occupied  by  116.  In  some  way  this  occupation 
is  made  to  prevent  line  switch  No.  117  from  settling  down  on  bank 
multiple  No.  21,  and  an  arrangement  of  circuits  compels  switch 
No.  117  to  go  on  rotating  and  to  select  the  next  bank  multiple. 
This  is  bank  multiple  No.  22.  No.  117  is  thus  automatically  con- 
nected with  Connector  No.  22,  and  the  rest  of  the  call  is  made  with 
this  second  connector  of  the  second  level.  If,  now.  No.  153  should 
call  No.  225,  the  line  switch  of  No.  153  would  have  to  select 
automatically  the  third  bank  multiple  in  the  second  level;  and,  of 
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course,  if  No.  230  should  then  call  No.  200,  it  wonld  have  to  ase 
the  fourth  bank  iiriltiple,  as  bank  multiples  21,  22,  and  23  are  oc- 
cupied by  other  callers.  This  description  brings  us  to  the  nnder. 
standing  of  the  following  paragraphs: 

1.  In  a  system  of  1(N)  stations  or  less,  each  line  ends  at  a 
switch,  so-called  eonnectory  whose  vertical  motion  and  rotary  mo- 
tion are  both  controlled  by  the  calling  jMirty.  The  lines  end  at 
two  places — at  the  line  relays  of  the  connector  of  the  same  number, 
and  at  the  multiple  of  bank  contacts  of  the  line  number. 

3.  In  a  system  of  over  100,  but  less  than  1,000  stations,  the 
lines  end  at  a  switch,  which  is  called  a  ^ftrnf  Hthrtor.  Only  the 
vertical  movement  of  a  selector  is  controlled  by  the  calling  party; 
the  rotary  movement  is  automatically  started  and  stop|)ed,  and  the 
extent  of  the  rotation  is  determined  by  the  number  of  bank  multiples 
occupied  by  previous  callers. 

3.  In  HI)  exchange  for  500  stations,  there  will  be  500  first 
selectors.  •  AH  bank  contacts  of  the  same  number  are  multipled 
together,  and  are  connected  to  secondary  machines,  so-called  '*con- 
nectors'',  as  described  in  paragraph  1  above.  The  connectors  of 
the  first  level  are  placed  on  the  100  board;  the  connectors  of  the 
second  level  are  placed  on  the  200  board;  etc. 

4.  In  an  exchange  for  more  than  100  but  less  than  1,000 
stations — a  so-called  three-dUjit  exehanye — all  calls  must  have  three 
phases,  corresponding  to  the  vertical  movement  of  the  first  selector, 
vertical  movement  of  the  connector,  and  rotary  movement  of  the 
ccnnectoi*.  No  number  with  1  or  2  digits  can  exist  in  such  an 
exchange. 

5.  In  a  three-digit  exchange  a  line  ends  at  the  line  relays  of 
a  first  selector  and  at  the  multiple  of  bank  contacts  of  the  ten  con- 
nectors placed  oi.  the  same  board. 

6.  The  bank  multiplingas  described,  allows  a  calling  capacity 
of  10  per  cent;  i.e.^  U)  calls  may  be  made  into  the  100  board,  using 
the  first  level;  ten  other  calls  simultaneously  into  the  200  board, 
using  the  second  level;  ten  other  calls  into  the  300  board;  etc.  If 
ten  calls  are  made  into  a  board,  any  number  of  additional  calls 
may  be  made  out  of  this  board,  provided  these  outgoing  calls  use 
other  levels.  This  paragraph  raises  the  question  of  how  to  in- 
crease  the  calling  capacity  if  the  means  for  10  incoming  calls  should 
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prove  to  be  insufficient.     Tlie  question   will  be  answered  further 

below. 

The  reader  is  requested  to  study  these  paragraphs  carefully,  as 
they  contain  all  the  principles  of  the  Strowger  system.  It  is  rec- 
ommended to  build  up  a  model  of  an  exchange  of  600  stations. 
The  student  may  draw  lines  on  ten  sheets  of  paper  similar  to  those 
in  Fig.  3,  marking  one  sheet  "first  level,"  the  next,  "second  level," 
etc.,  to  "0  level."  With  a  red  pencil  he  may  make  crosses,  des- 
ignating connectors,  on  the  first  level  sheet  on  the  100  board,  on 
the  third  level  sheet  on  the  300  board,  etc.  This  third  sheet  is 
shown  as  Fig.  3.  As  there  are  no  700,  800,  etc.  boards,  the  sheets 
marked  "7th  level,"  8th  level,  etc.,  will  not  get  connectors.  Now 
the  sheets  are  filed,  the  first  level  the  lowest,  the  second  level  on 
top  of  it,  altogether  10  high.     This  model  will  conspicuously  show 
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Fig.  3.    Third  Level  Sheet  for  600  Station  Exchange. 

how  a  Strowger  exchange  is  wired,  and  how^  a  first  selector,  say  No. 
213  in  the  200  board,  by  settling  down  on  bank  multiple  51,  will 
cause  the  first  selector  No.  617  in  the  600  board  to  rotate  to  the 
bank  multiple  52  when  both  call  into  the  5th  level. 

The  same  principle  of  attaching  the  bank  multiples  to 
switches  instead  of  to  lines,  is  used  to  increase  the  capacity  of  the 
exchange  beyond  1,000  stations.  Tliese  exchanges  are  four -digit 
exchanges.  To  build  up  a  3,000  station  exchange,  the  student 
may  draw  on  three  sheets  the  lines  without  the  crosses  shown  in 
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o      o    •      o 
J700.  01,   J799 


/6V,  O/,  /699 


■    ■ 


2600. 0/.  2699 


3600.0/,  3699 


1500.  01,  Ii99 


\i=^ 


[J=0 


3500.01.  35S9 


/^^,  A/.   At99 


fc==C^^^^D=C^ 


eioO.'Of.  2299 


^£0(7,  0/.  3299 


r/00,  0/,    1/99 


LMJ 


-?/«?,  0/,  2199 


j/gg.  <y/,  y99 


IJ=O^^^^J=C 


—■ '  o  o    '^o '•■-' o  "  o  "  o  ' 

2000,  01.  2099  MOO,  01,  3099 

^  /f«pr»s»nt*  a  er»9a  sacr/on  cT  a  f^M/ector  6ar>k 
-*»-Htprr3*nti    a   jecona   je/eefor 

Fig.  4.    SiecoDd  Level  Sheet  for  8,000  Statlou  Exchange. 
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Fig  4.  On  one  sheet  marked  "first  level,"  crosses  are  to  be  made 
in  the  1,000  group;  the  second  level  sheet  is  shown  as  Fig. 
4;  the  third  level  sheet  will  have  to  get  the  crosses  in  the 
3,000  lK)ard8.  This  time  the  crosses  designate  second  selectors. 
Tliese  machines  are  identical  with  first  selectors;  /.  ^.,  only  their 
vertical  movement  is  controlled  by  the  subscriber,  their  rotary 
movement  depending  upon  the  bank  multiples  being  free  or  in 
use.  Filing  again  the  three  sheets  one  on  top  of  another,  it  will  be 
seen,  first,  that  there  are  100  second  selectors  in  each  group  of  a 
thousand  first  selectors;  second,  the  first  selector  bank  contacts  of 
the  boards  with  equal  hundred  digit  are  multipled — e.  </.,  of  board 
1,500,  2,500  and  3,500.  There  is  no  connection  whatever  between 
the  first  selector  banks  of  a  100  group  with  the  first  selector  banks 
of  any  100  group  with  another  digit.  For  example,  there  is  no 
connection  between  the  first  selector  banks  of  the  groups  1,400, 
2,400,  3,400  and  1,500,  2,500,  3,500. 

To  complete  the  exchange  wiring,  30  more  sheets  would  have 
to  be  made  similar  again  to  Fig.  3.  The  banks  would  now  repre- 
sent the  second  selector  banks;  and  the  crosses,  connectors.  There 
would  be  a  bunch  of  10  levels  to  be  laid  over  the  group  1,000;  an- 
other over  the  group  2,000;  and  another  over  3,000.  If  the  first 
selector  multiples  run  north  and  south,  the  second  selector  multi- 
ples would  run  west  and  east.  Finally,  the  connector  banks  are 
to  Im?  connected  again  with  the  lines  ending  at  the  same  board  on 
which  the  connectors  are  placed. 

In  the  foregoing  description  several  points  have  not  been 
touched  upon.  If  a  station  is  busy,  how  is  a  connector  prevented 
from  making  the  final  connection?  how  is  the  calling  party  noti- 
fied in  such  a  case?  how  does  a  party  signal  the  other  party?  All 
these  questions  will  come  up  again  in  the  detailed  descriptions  of 
the  circuits. 

We  already  know  that  the  subscriber's  station  [must  send  two 
different  impulses,  the  one  kind  for  the  vertical  movement  of  the 
first  selectors,  and  the  other  kind  to  start  the  automatically  rota- 
tive motion.  This  is  done  by  impulses  over  the  two  lines  that 
connect  the  subscriber's  station  with  the  first  selector  in  the  ex- 
change. The  element  of  the  switching  process  is  the  consecutive 
grounding  of  the  lines  at  the  subscriber's  station.     One  line  will 
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be  called  hereafter  vertical  line\  the  other,  rotary  litis.  Ground- 
ing at  the  Bubscriber's  station  of  the  vertical  line,  means  stepping 
up  of  the  shaft;  and  grounding  the  rotary  line  means  to  start  the 
automatic  rotation. 

In  the  subscriljer's  station,  therefore,  we  have  to  find  a  com- 
bination of  the  following  circuits: 

(1)  For  talking  and  listening. 

(2)  For  sending  impulses  too|H*rate  the  switches. 

(3)  For  ringing  the  other  party  and  for  receiving  signals. 
The  talking  circuit  of  the  instrument  we  are  discussing  is  a 

local  battery  arrangement  with  its  standard  parts — the  local  battery 
consisting  of  two  dry  cells,  a'priuiary  of  an  induction  coil,  a  trans- 
mitter, and  a  platinum  contact  opened  when  receiver  is  hung  up, 
and  closed  when  receiver  is  takt*n  off.  The  secondary  or  listening 
circuit  consists  also  of  the  standard  y&ris — the  secondary  of  the  in- 
duction coil,  a  receiver,  and  a  contact  controlled  by  the  hook,  be- 
ing closed  when  hook  is  up,  and  open  when  hook  is  down.  There 
is,  further,  a  set  of  springs  connected  with  the  secondary  circuit, 
marked  ''Push  button"  in  Fig.  5,  which  will  be  explained  under 
"Ringing."  The  bell  is  also  wired  in  the  usual  way;  i,  <?.,  one 
end  is  permanently  connected  to  one  side  of  the  line;  the  other 
end  lies  at  a  platinum  contact  controlled  Ly  t'ne  hook,  closed  when 
hook  is  down,  and  open  when  hook  is  \  p.  With  the  exception  of 
the  push  button,  nothing  deviates  in  the  talking  and  signal  re- 
ceiving circuit  from  the  standard  local-battery  telephone  circuit. 

The  impulse  mechanism,  however,  is  an  addition  due  to  the 
automatic  end  of  the  instrument.  E^h  line  is  permanently  con- 
nected with  a  spring,  the  so-called  imjK/he  Hprintj  in  Fig.  5.  A 
side  view  in  this  figure  shows  these  two  springs  with  a  ground 
contact  15  between  them.  The  process  of  calling  consists  in 
pressing  these  springs  a  definite  number  of  times  against  the  ground 
contact.  A  shaft  S  bears  a  dial  D  which  has  fincjer-holes  numbered 
1,  2,  8,  etc.,  to  9,  0.  A  heavy  clock-spring  0  is  wound  up  when 
the  dial  is  rotated  clockwise,  and  turns  the  dial  back  to  the  normal 
position  after  the  subscriber  has  released  the  dial  by  pulling  his 
finger  out  of  the  finger-hole.  Furthermore,  the  shaft  bears  a  disc 
with  10  teeth  (marked  V  T,  vertical  teeth)  in  a  plane  so  that  the 
teeth  engage  the  lip  of  the  vertical  impulse  spring.     The  disc  bears 
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also  a  rotary  tooth,  R  T,  placed  aa  to  engage  the  lip  of  the  rotary 
impulse  spring,  when  passing  by.  Now  suppose  the  subscriber 
pulls  5;  i.e.^  putting  his  finger  in  finger-hole  No.  5,  he  rotates  the 
dial  until  the  finger  reaches  a  finger-stop.  This  moves  the  im- 
pulse wheel  (Fig.  5)  in  the  direction  of  the  dotted  arrow.  The 
teeth  strike  the  lips  of  the  impulse  spring,  but  press  them  out- 
wardly. After  the  subscriber  has  released  the  dial,  the  impulse 
wheel  rotates  back  in  the  direction  of  the  arrow  shown  in  full  lines. 
Five  vertical  teeth  press  now  in  succession  the  vertical  impulse 
spring  against  the  ground,  thus  grounding  the  vertical  line  five 
times.  After  the  vertical  teeth  have  all  passed  by,  the  rotary  tooth 
reaches  the  rotary  impulse  spring,  and  one  impulse  is  sent  over 
the  rotary  line.  It  is  plainly  seen,  that  never  more  than  one  im- 
pulse goes  over  the  rotary  line,  no  matter  how  many  vertical  im- 
pulses are  made.  And  it  is  important  to  notice  that  for  calling 
purposes  the  rotary  impulse  follows  after  the  vertical  impulses. 

The  impulses  are  made  by  the  impulse  wheel  being  moved  by 
the  clock-spring,  but  not  during  the  time  the  subscriber  is  operat- 
ing. This  is  necessary,  as  many  subscribers,  when  excited,  pull 
down  the  dial  so  quickly  that  no  mechanical  device  could  safely 
follow.  The  returning  speed  is  regulated,  not  only  by  the  clock- 
spring,  but  also  by  ?r  adjustable  fly-wheel  governor,  not  shown  in 
Fig.  5. 

Releasing  the  connection  after  being  through  talking,  is  done 
by  grounding  both  lines  simultaneously  by  hanging  up  the  receiver. 
Spring  7  in  Fig.  5  is  adapted  to  be  pressed  against  the  springs  8 
and  9  when  the  hook  moves  downwards.  Spring  9  is  grounded; 
7  is  connected  to"  the  vertical  line;  8,  to  the  rotary  line;  so  that 
the  down  stroke  of  the  hook  grounds  both  lines  simultaneously  for 
a  short  while.  In  other  telephone  designs,  it  was  attempted  to  use 
passing  ground  impulses  for  the  disconnecting  signals,  but  these 
devices  failed  because  the  movement  of  the  hook  was  too  quick. 
Tlie  success  of  the  described  mechanism  lies  in  the  down  stroktj 
being  made  a  slow  motion  by  the  fly-wheel  governor  mentioned 
above. 

Ringing  the  other  party  is  done  by  grounding  the  vertical 
line  after  the  last  digit  of  hisnumber  has  been  pulled.  The  circuit 
may  easily  be  followed  in  Fig.  6  from  the  push  button  spring  11 
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pressed  at^aiiist  i(nniii<l  spring  12  l»y  means  of  the  j)ush  button, 
then  spring  'J,  spring  1  vertical  line.  For  tracing  the  different 
circuits,  the  following  Uihle  will  l)e  found   helpful.     (See   Fxfr  0): 

Primaky  Tai.kinu— .Spring  «5,  hattery,  priuiarj-,  trausiuitier,  spring 
5,  contact  5-6  cluse<l  when  luM>k  is  up. 

LisTF.M.Nu  Hotary  line,  receiver,  secondary,  spriuK  10,  spriuK  U, 
contact  10-11  «>pene<I  only  when  push  luitton  is  pressed,  sprint;  2,  spring 
1  vertical  line. 

Rk<'KIvi.n(s  Shjxai. — Hotarj'  line,  rinjfer,  spring  4,  spring  H,  vertical 
Hue,  coutaet  .i  -  4  closeil  when  h<M»k  is  down,  sec  Kix.  5. 

'Sicfei^iew  of  /mpulse  Spring 
/5f 


Fl(f.  '>.     lateniiil  M>-ch:iuism  of  Auloinatli;  Telephone,  book  down. 

Fig.  5  shows  several  parts  re<juiring  further  explanation.  A 
bracket  B,  with  2  horns,  is  securely  fastened  on  the  shaft  S,  The 
lower  horn  serves  to  close  contact  1-2,  when  the  iinj)ulse  wheel 
is  at  normal  position.  The  reason  is  the  ntvessity  of  breaking  the 
circuit  between  the  vertical  and  rotary  lines  during  the  time  of 
impulses.  If  this  circuit  were  not  broken,  the  vertical  impulses 
would  reach  the  rotary  line  through  "the  secondary  cirt'uit,  and  no 
regular  movement  of  the  switchcw  could  be  obtained.     As  explained 
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above,  the  groundinp;  of  both  lines  at  the  same  time  releases  the 
connection  so  that  a  call  could  not  be  made  if  the  listening  circuit 
were  not  oj)ened.     A  condenser  certainly  would  help,  too. 

The  other  iiorn  of  the  bracket  B  strikes  against  another  bracket 
A  upwards.  The  movement  allows  the  contact  13  —  14  to  close 
connecting  all  ground  springs  of  the  calling  mechanism  to  ground, 
but  only  after  dial  has  been  rotated.  The  reason  for  this  lies  ap- 
parently far  away.  Exj)erience  has  shown  that  the  push  button  is 
an  attractive  plaything  for  children;  they  push  it.  If  ground  were 
on  the  spring  12,  the  switch  would  step  up,  and  a  call  later  on, 
would  go  into  one  level  too  high  up.  There  is.  however,  another 
and  more  serious  reason.  Suppose  there  are  two  or  more  'phones 
on  a  line,  and  that  one  'phone  is  using  the  line.  At  another  'phone 
the  receiver  is  taken  off;  the  new  party  listens  in  and  hears  that 
the  line  is  in  use;  then  he  replaces  the  receiver.  If  ground  were 
on  spring  9,  this  replacing  of  the  receiver  by  the  second  party 
would  release  the  connection 
made  by  the  first  party;  in 
other  words,  it  would  cause  a 
serious  interference  with  the 
service.  So  the  the  upper  horn 
of  bracket  B  serves  the  pur- 
pose of  grounding  springs  9^ 
12,  15  only  after  a  regular 
call  has  been  started  by  mov- 
ing  the  dial. 

We  turn  now  our  attention  to  the  circuits  of  the  switches.  A 
few  very  unimportant  details  will  be  omitted — details  of  about  the 
nature  of  the  children's  plaything  above.  Otherwise  an  actual  cir- 
cuit will  be  discussed,  such  as  is  used  in  several  of  the  newest 
exchanges. 

Fig.  7  is  a  diagram  of  the  first  selector,  showing  connections 
between  the  electrical  and  mechanical  parts  of  the  switch.  Fig.  8 
la  a  theory  of  the  circuit  of  the  first  selector  shown  in  Fig.  7. 

In  the  following  explanation,  reference  is  made  to  both  figures 
at  once.  The  reader  may  trace  the  circuits  first  in  the  theory,  then 
in  the  complete  diagram.  The  two  Z-shaped  springs  at  the  left 
end  of  the  lines  represent  the  impulse  springs  in  the  subscriber's 
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telephone,  the  dots  between  the  springs  picture  the  teeth  o'  the 
iin])ul8(^  wheel. 

Tlie  hub  of  the  sliaft  has  10  horizontal  grooves.  When  shaft 
is  at  normal,  a  pawl  engages  the  toj)  groove,  the  pawl  InMiig  at- 
tached to  the  end  of  the  vertical  armature.  The  vertical  armature 
is  pulled  downwards  by  a  flat  steel  spring  against  a  stop,  and  is 
lifted  by  the  vertical  nmgnet  every  time  this  magnet  is  energized. 
Each  such  motion  lifts  the  shaft  to  the  next  level.  The  shaft  is 
held  in  this  height  l>y  the  double  dog  shown  on  the  left  side  of 
the  hub. 

Underneath  the  horizontal  gr(X)ve8,  10  vertical  grooves  are 
milled  into  the  hub.  In  Fig.  7  the  whole  rotary  mechanism  is 
shown  in  a  top  view  diagram,  while  the  vertical  mechanism  is 
shown  in  a  front  view  diatrram. 

The  rotary  armature,  l)eing  pulled  against  a  stop  by  a  flat 
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steel  spring,  performs  three  important  functions  when  moved 
alx>ut  by  the  rotary  magnet.  First  the  rotary  j)awl  turns  Ihe  shaft 
one  step  for  each  energization  of  the  rotary  magnet,  the  shaft  be- 
ing withheld  in  the  new  [)osition  by  the  lower  bracket  of  the 
double  dog.  Second,  when  the  rotary  armature  comes  near  to  its 
fall  stroke,  the  hook  at  its  left  end  engages  the  armature  of  the 
private  magnet,  and,  in  completing  the  stroke,  shifts  the  private 
armature  so  that  the  private  pawl  engages  a  tooth  of  the  so-called 
side  switch  A  B  C  D.     After  de-energization  of  the  rotary  mag- 
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net,  the  rotary  aniiature  is  pulled  to  normal  and  the  private  pawl 
under  action  of  a  spring,  shifts  the  side  switch  from  one  position 
to  the  next. 

The  third  function  of  the  rotary  armature  is  to  interrupt  the 
current  for  the  rotary  magnet.  A  bracket  at  the  right  end  of  the 
armature  is  shown  to  end  in  an  insulated  bushing.  The  bushing^ 
being  moved  around  the  pivot  of  the  rotary  armature,  slides  over 
a  slanting  lip  of  a  spring  whose  platinum  contact  solidly  touches 
another  spring.  When  the  rotary  armature  is  in  the  full  stroke 
(see  sketch  on  right  side  of  Fig.  7),  the  lip  slips  over  the  bushing, 
and  the  contact  is  quickly  opened  so  far  that  no  arc  can  stay. 
During  the  back  stroke  the  bushing  presses  the  lipped  spring  still 
farther  away  from  the  other  spring;  and  only  at  the  moment 
when  the  rotary  armature  reaches  the  normal  position,  the  lip 
slips  again  by  the  bushing  to  its  normal  position  as  shown 
in  Fig.  7,  closing  again  the  contact  for  the  current  of  the  rotary 
magnet. 

Tlie  side  switch  is  a  combination  of  four  switches  rigidly 
mounted  on  a  l)lock  so  that  they  move  uniformly  from  position  1 
to  2  to  3.  The  motion  is  imparted  by  the  pawl  of  the  private 
magnet  (see  Fig.  7).  It  is  very  important  to  notice  that  the  side 
switch  is  moved  when  the  private  armature  is  released,  and  moves 
backwaixls  to  normal  position;  the  working  stroke  of  the  private 
armature  does  not  move  the  side  switch. 

Between  the  two  line  relays  of  500  ohms  each,  five  springs 
(1,  2,  3,  4,  5)  are  assembled.  The  reJay  armature  bushings  are 
placed  between  the  springs  1-2  and  4-5.  The  Z-shaped  outside 
springs  have  a  tension  to  close  in;  the  2d  and  4th  springs  press 
outwardly.  The  springs  are  adjusted  so  that  the  tensions  are 
nearly  balanced,  and  thus  the  magnetic  jmll  of  the  relays  is  almost 
entirely  available  for  making  prfect  contacts  when  ojjerating. 
Springs  3  and  5  are  permanently  grounded. 

A  short  repetition  of  what  we  must  expect  from  the  first  se- 
lector  shall  be  the  introduction  to  our  study  of  the  first  selector 
j>erformance: 

1.  The  first  selector  will  have  to  step  up  to  as  high  a  level 
as  the  subscriber  desires,  by  rotating  the  dial  from  the  desired 
fingerhole.     Let  us  assume  that  he  wants  to  call  into  the  Gth  level. 
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This  motion  is  controlled  by  the  six  ground  impulses  over  the 
vertical  line. 

'2.  The  single  rotary  impulse  followinj^  the  vertical  impulsef* 
must  start  the  rotative  motion  of  the  shaft.  This  motion  is 
stopped  by  causes  not  controlled  by  the  subscriber. 

:i.     When  hanging  up  the  receiver  or  when  grounding  l>oth 

-^  Prtifate  NorrrKtt 
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Klg.  8.    Sbowlng  Theory  of  Circuit  of  Flr«t  Selector. 

lines  siuiukaneously,  the  subscriber  restores  the  switch  to  normal 
|K>sition. 

When  the  vertical  impulse  spring  at  the  subscriber's  station 
touches  the  ground  contact  (Fig.  5),  a  circuit  is  closed  from  the 
ground  over  the  line — vertical  line  relay  (Figs.  7  and  8)  to  battery; 
the  relay  pulls  up;  and  the  contact  between  springs  2  and  3  is 
closed.     Spring  1  does  not  meet  spring  5,  as  it  is  moved  only 
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little  more  than  half  way.  A  circuit  is  now  closed — ground, 
springs  3-2,  side  switch  B  in  position  1,  vertical  magnet,  battery. 
The  vertical  magnet  is  energized  and  lifts  the  shaft.  As  soon  as 
the  impulse  spring  in  the  telephone  parts  from  the  ground  con- 
tact, the  vertical  relay,  and  consequently  the  vertical  magnet,  lose 
their  magnetism,  and  the  vertical  pawl  slips  into  the  next  groove. 
Tliis  play  goes  on  six  times. 

Now  follows  the  single  impulse  over  the  rotary  line  and  a 
good  many  different  things  occur.     We  shall  discuss  two  cases: — 

(1)  No  other  call  is  going  into  the  6th  level;  the  first  se- 
lector under  consideration  will  have  to  settle  down  on  bank  mul- 
tiple 61. 

(2)  Bank  multiples  61  and  62  are  already  occupied,  our 
first  selector  will  have  to  settle  down  on  63. 

Before  going  further,  other  mechanical  parts  must  be  intro- 
duced— namely,  the  private  bank  and  the  private  wiper.  All  the 
figures  show  three  wipers — one  for  the  vertical  line,  one  for  the 
rotary  line,  and  one  for  the  private.  The  term  "private"  desig- 
nates all  the  circuits  and  mechanisms  used  to  prevent  interference 
with  an  established  connection.  The  private  bank  is  built  like 
the  line  banks,  and  the  private  wiper  also  shows  no  new  principle. 

Let  us  now  return  to  the  moment  when  the  important  single 
ground  impulse  comes  over  the  rotary  line.  It  energizes  the  rotary 
line  relay  (Figs.  7  and  8);  and  a  circuit  is  closed — ground,  springs 
3-4,  private' magnet,  battery.  The  private  magnet  is  energized. 
It  attracts  the  private  armature,  and  the  private  pawl  engages  the 
lowest  tooth  of  the  side  switch.  The  rotary  impulse  spring  in  the 
subscriber's  station  now  leaves  the  ground  contact.  This  break  in 
the  circuits  results  in  the  private  magnet  being  de-energized  and 
the  private  armature  l^eing  drawn  back  to  normal,  and  in  the  side 
switches  ])eiiig  moved  from  position  1  to  position  2.  So  far,  the 
shaft  has  not  been  rotated  at  all;  in  other  words,  the  rotary  im- 
pulse has  nothing  directly  to  do  with  the  rotary  motion  of  the 
shaft.  But  the  breaking  of  the  rotary  impulse  results  in  a  local 
circuit  being  closed — ground,  side  switch  A  (just  now  moved  into 
position  2),  rotary  magnet,  interrupter  springs,  battery.  The  ro- 
tary armature  is  drawn  up,  and  the  three  operations  as  described 
above  are  performed.     When  in  its  full  stroke,  it  has  turned  the 
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shaft  one  step,  has  ptislunl  the  private  pawl  to  engage  the  Meeond 
tooth  of  the  side  switch  block,  and  tinallv  breaks  the  circuit  of  the 
rotary  magnet.  The  rotary  armature  will  be  restored  to  normal, 
and  this  backward  movement  allows  the  private  |)awl  to  switch  the 
side  switches  from  |)osition  2  to  H.  After  completion  of  the  back 
stroke  the  interrupter  springs  touch  e^ch  other  again,  but  the  cir- 
cuit for  the  rotary  magnet  is  broken  at  the  side  switch  A  (now  lie- 
ing  switched  to  the  third  position).  So  the  first  selector  has  settled 
down  on  the  bank  multiple  <)1,  and  the  lines  are  connected  over 
side  switches  C  and  D  (third  position)  to  the  wipers  and  bank 
multiple  01,  and  consequently  to  the  second  selector,  which  is  cot- 
nected  to  bank  multiple  <)1.  Any  further  impulses  will  not  affect 
the  switch,  as  the  vertical  magnet  is  o{)en  at  B  -  1  and  the  rotary 
magnet  is  open  at  A  -  2. 

One  more  important  connection  is  made  when  the  side  switches 
are  in  }K)sition  3.  The  side  switch  B,  which  is  connected  to  the 
{)rivate  wijHjr,  finds  ground  at  B  -  8;  in  other  words,  a  switch  after 
oj)eration,  grounds  the  private  bank  multiple  on  which  it  has  set- 
tled down. 

Now,  suppose  two  other  first  selectors  are  occupying  the  bank 
multiples  01  and  02  (see  Fig.  8).  How  will  our  first  selector  find 
that  out,  pass  over  same,  and  finally  settle  down  on  03 'il  The 
mystery  is  solvetl  by  remembering  that  the  other  selectors  keep  the 
private  bank  multiples  01  and  02  grounded. 

The  six  vertical  impulses  act  exactly  in  the  same  way  as  de> 
scrilied  alwve.  The  result  is  that  the  shaft  is  liftetl  to  the  0th  level 
The  rotary  impulse  acts  also  in  the  same  way  as  l)efore.  The  re- 
sult of  the  cessation  of  the  rotary  impulse  is  that  the  side  switches 
are  moved  to  the  position  2  as  described  above.  Now  the  circuit 
for  the  rotary  magnet  is  closed  at  side  switch  A,  ])Osition  2.  The 
rotary  armature  is  pulled  up,  and  shifts  the  wipers  onto  the  Imnk 
multiple  01.  At  the  instant  when  the  private  wiper  touches  the 
private  bank  multiple  01,  a  new  circuit  is  closed,  which  will  cause 
the  first  sek^ctor  to  continue  rotating.  As  stated,  some  other  first 
selector  keeps  private  multiple  01  grounded.  The  private  wiper 
of  our  selector  finds  this  private  01  grounded,  when  being  pushed 
on  it.  The  ground  is  c^ried  to  the  side  switch  B;  and  as  the  side 
switch  is  standing  in  position  No.  2,  a  connection  is  made  to  the 
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private  magnet,  and  through  that  to  the  battery  (see  dotted  posi- 
tion  ill  Fig.  X).  In  other  words,  as  soon  as  the  private  wiper  finds 
a  contact  ground,  the  private  magnet  is  energized;  and  it  stays 
energized  as  long  as  the  wij)er  touches  a  grounded  contact. 

To  again  pick  up  our  call — the  rotary  magnet  started  in  to 
push  the  shaft  around.  After  it  has  gone  a  small  way,  the  wipers 
touch  the  hank  contact,  of  which  the  private  contact  is  grounded. 
At  this  moment  the  private  magnet  pulls  up  again,  and  the  private 
pawl,  engages  the  second  tooth  of  the  side  switch  block.  The  side 
switches,  however,  are  not  switched  over  from  position  2  to  3,  be- 
cause the  private  magnet  stays  energized.  So  the  rotary  armature 
completes  its  first  stroke,  breaks  its  own  circuit,  and  falls  back;  and 
still  the  private  magnet  holds  up.  Therefore,  when  the  rotary 
armature  comes  back  to  normal,  the  rotary  magnet  circuit  is  closed 
again  at  A  -  2,  and  the  armature  is  pulled  up  for  the  second  stroke. 
The  private  wiper  will  touch  the  private  contact  ^o.  62  before  it 
leaves  61.  Now,  we  assumed  that  another  selector  keeps  grounded 
that  private  multiple  62.  So  the  private  magnet  of  our  first  selec- 
*tor  remains  still  energized  over  the  private  multiple  62,  and  will 
continue  to  hold  the  pawl  engaged  with  the  second  tooth,  and  will 
not  release  it.  The  rotary  armature  completes  its  second  stroke, 
falls  back,  and  again  the  rotary  magnet's  circuit  is  closed.  The 
armature  begins  the  third  stroke.  After  completion  of  half  the 
forward  stroke,  the  wipers  leave  bank  multiple  62.  No.  63  is  not 
grounded,  and  the  private  magnet  releases  the  private  armature. 
The  pawl  would  pull  the  side  switches  over  to  the  third  position, 
breaking  the  circuit  for  the  rotary  magnet,  thus  burning  the  side 
switch  contacts  and  weakening  the  whole  rotary  action.  But  the 
hook  at  the  front  end  of  the  rotary  armature  strikes  the  private 
armature  as  described  above;  and  only  after  the  rotary  circuit  has 
been  opened  at  the  interrupter  spring,  both  rotary  armature  and 
private  armature  fall  back  to  normal.  Owing  to  the  private  pawl 
falling  back,  the  side  switches  are  moved  to  the  third  position, 
breaking  the  rotary  magnet's  circuit  and  connecting  the  lines  to 
the  wipers.  Our  first  selector  has  now  settled  down  on  bank 
multiple  63,  and  guards  the  connection  by  keeping  the  private 
multiple  63  grounded. 
♦     It  is  important  to  notice  that  during  the  time  of  such  selective 
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rotation  the  line  wipers  are  absolutely  dead,  being  open  at  side 
switches  ('  and  D.  Tlie  line  multiples  <>!  and  (>2  in  uur  example, 
are  alive — /.<'.,  a  conversation  is  being  carried  on  over  them,  while 
our  selector  wijKTs  are  rotating  over  the  contacts  01  and  Ci'2.  Still 
no  click  or  any  other  disturbance  is  raised  in  the  existing  connec- 
tions. 

The  sub8cril)er  in  our  four-digit  exchange  is  now  connected 
with  the  second  selector,  locjite<l  in  the  group  0,()0()  and  attached 
to  the  banic  multiple  V)ii.  lie  pulls  5.  The  second  selector  is 
identical  in  construction  with  a  first  selector,  except  in  a  few  minor 
details  not  to  l>e  mentioned  here.  The  second  selector  will  be  lifted 
to  the  5th  level,  and  t^ill  automatically  select  the  first  idle  pair  of 
bank  contacts,  say  the  7th  pair;  «.^.,  6  calls  are  already  going  to 
the  board  <)o.     Our  second  selector  gets  the  multiple  57.     The 


bank 


To  aub  line 


P1g.».    Connd-tor  DluKraiii. 

aubscrilnT  is  coiinected  to  the  connector  locatml  itt  boanl  No.  «)5, 
and  connected  to  the  second  selector  bank  multiple  No.  57.  With 
the  connector  the  two  last  dibits  of  0521  are  to  be  made. 

We  turn  now  to  the  circuit  of  the  connector.  The  connec- 
tor diHgnim  is  shown  in  Fig.  1>.  No  drawing  <»f  the  m<rhanic^I 
jjarts  is  necessary,  as  the  mechanical  make-up  differs  from  that  of 
the  selectors  only  by  the  addition  of  a  ringer  relay. 

In  a  connector,  both  the  vertical  and  the  rotary  movements 
are  controlled  by  the  subscriln-r;  there  is  no  automatic  rotary 
mechanism.  But  a  new  elemeat  comes  with  the  circuit,  owing  to 
the  necessity  of  giving  the  "busy**  signal. 
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lieturning  to  our  call  6524,  the  subscriber,  by  pulling  No.  2, 
grounds  the  vertical  liiie  twice.  The  vertical  relay  of  the  con- 
nector re8i)ond8,  and  the  vertical  magnet  is  energized  over  the  cir- 
cuit—ground, spring  2,  spring  1,  side  switch  A  (position  1),  ver- 
tical magnet,  battery.  The  only  purpose  of  the  rotary  impulse  is 
the  excitation  of  the  private  magnet.  The  private  magnet,  in  its 
full  stroke,  pushes  its  pawl  into  the  first  tooth  of  the  side  switch, 
Hiid  also  closes  springs  4  and  5.  The  closing  of  these  two  springs 
has  no  effect,  as  the  wire  of  spring  5  is  open  at  side  switch  B. 
After  cessation  of  the  rotary  impulse,  the  private  pawl  switches 
the  side  switch  from  position  1  to  position  2.  The  next  four  im- 
pulses over  the  vertical  line  again  energize  the  vertical  linn  relay, 
which  this  lime  operates  the  rotary  magnet  over  the  second   posi- 
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Fig.  10.    Diagram  of  Talking  Circuit. 

tion  of  the  side  switch  A.  The  four  impulses  rotate  the  shaft  by 
4  steps.  The  following  rotary  impulse  again  energizes  the  private 
magnet.  After  cessation  of  the  rotary  impulse,  the  private  pawl 
shifts  the  side  switches  from  position  2  to  position  3.  The  sub- 
scriber presses  the  ringing  button;  ^.  e.,  he  grounds  the  vertical 
line.  The  vertical  line  relay  responds  to  that  impulse,  and  ener- 
gizes the  ringer  relay.  This  relay  pushes  its  two  contact  springs 
on  the  ringer  circuit,  thus  ringing  the  called  party.  The  ringer 
relay  stays  energized  as  often  and  as  long  as  the  calling  subscriber 
pushes  the  button. 

Attention  is  called  to  the  grounding  of  the  private  wiper  over 
the  third  position  of  the  side  switch  B.  This  ground  is  made  for 
the  purpose  of  guarding  the  established  connection.  Suppose  the 
called  party  6524  to  be  engaged  in  conversation  with  some  one  else. 
The  connector  private  contact  24  is  held  grounded  by  this  other 
connection.     Our  subscriber  tries  to  call  this  contact  24.  *  The 
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ojM'rHtioii  j^(K^8  on  the  Baiiie  way  as  de8cril>ed  Hl>uve,  up  tu  the  last 
rotary  iinpulHe.  The  wi|)erH  are  touchii)|{  the  hank  cont^ictH  24, 
private  2-4  hein^^  grounded.  The  side  switclies  are  in  the  second 
[)Osition,  so  that  spring  5  is  grounded  from  the  private  hank  over 
n  2.  As  the  rotary  impulse  energizes  tlie  private  magnet  which 
closes  the  contact  of  4  and  5,  this  last  rotary  impulse  will  result  in 
the  conniK'tintr  <>f  the  «jround  from  the  hank  contact  to  the  release 
magnet.  This  magnet  will  restore  the  connector  to  normal.  In 
other  words,  a  connection  with  a  husy  line  is  im|>ossil)le,  on  ac- 
count of  the  restoring  of  the  connector  to  normal  when  striking  a 
ground»*<l  privat«'  contact. 

All  tiiis  releasing  occurs  iu  an  instant.  The  calling  suh- 
Bcriber  is  not  yet  notified  of  what  has  happened;  so  he  will  press 
the  ringing  push  hutton.  The  connector  resjK)nds  to  these  im- 
pulses hy  stepping  up.  The  side  switches  stay  in  |»osition  No.  1, 
as  no  more  rotary  im]iulst's  are  prmluctMl.  AVIhmi  the  shaft  is 
liftetl  otT  normal,  a  pair  of  spri^igs  controlled  hy  the  shaft  close  the 
path   for  the  "husy''  current.     The  "busy"  is  an   inducetl,  inter- 
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Fig.  U. 
rupted  buzzer  sound,  the  induction  coil  being  connected  to  the 
main  battery.  So  the  circuit  leads  from  main  battery  to  ''busy'' 
coil,  off  normal  springs,  side  switch  C  (position  1),  line,  receiver, 
line,  rotary  relay,  battery.  The  vertical  relay  is  a  shunt  to  the 
listening  circuit,  but  does  not  hinder  sufficient  current  from  going 
over  the  line. 

After  being  notified  that  the  desired  line  is  occupied,  the  sub- 
Bcrilx^r  hangs  up  his  receiver,  grounding  both  lines  simultaneously. 
B<uh  line  relays,  vertical  and  rotary,  Innrome  energiztnl;  and  the 
two  Z-shaj)ed  springs  between  tlie  line  relays,  make  contact.  From 
ground  at  one  of  the  springs,  the  circuit  is  easily  traced  to  the  re- 
lease magnet.  The  mechanical  action  of  the  release  magnet  con- 
sists in  drawing  the  double  dog  (see  Fig.  7)  out  of  the  horizontal 
and  vertical  grooves  of  the  shaft  hub,     A  spiral  spring  on  top  of 
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the  shaft  rotates  it  hack,  and  tlie  weiglit  forces  the  shaft  down  to 
normal  {^)OHition. 

Fig.  10  is  a  <liagrain  of  the  talking  circuit  stripped  of  all  con- 
nections  and  uiechanisnis  not  helonging  to  the  talking  circuit.  It 
represents  a  call,  as  described  above,  in  a  four-digit  exchange.  On 
the  left  and  on  the  right  side,  the  telephones  are  designated  by 
their   talking   circuits.     The    switches   are    represented    by  their 

bridges /'.  <„  the  500.olun  vertical  and  rotary  line  relays.     There 

are  four  l,0()<)-ohni  bridges  across  the  talking  circuit,  the  middle 
|>ointH  of  all  the  bridges  being  connected  to  the  ungrounded  pole 
of  the  battery.     The  loss  in  volume  of  talking  current  is  hardly 
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I'Mg.  13.    Teries  Talking  Circuit. 
noticeable,  as  has  l>een  shown  by  experience  in  some  of  the  largest 
Strowger  exchanges. 

There  would  be  no  reason  to  change  this  circuit,  but  for  sub- 
exchanges.  Suppose  the  lirst  selectors  to  be  in  a  down -town  ex- 
change, the  second  selectors  in  a  sub-exchange  two  miles  away. 
It  would  not  be  advisable  to  run  a  battery  feeder  between  the  ex- 
changes, on  account  of  the  drop  in  busy  hours;  so  the  sub-exchange 
must  have  its  own  battery.  The  diagram  would  be  changed  to 
Fig.  11.  Two  different  batteries  would  be  connected  to  the  talk- 
ing circuit.  Even  if  we  assume  that,  by  exception,  both  batteries 
could  be  held  at  exactly  the  same  voltage  and  that  equalizing  cur- 
rent would  not  flow,  still  two  different  grounds  wmild  be  on  the 
circuit,  with  all  the  attendant  disadvantages  in  cities  that  have 
electric  street-car  systems.  The  so-called  hridginfj  system  works 
admirably  in  single  exchanges  of  any  size;  but  for  plants  with  sub- 
exchanges,  other  circuits  must  be  used. 
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SERIES  SYSTEM 

Tlie  neiufiH  is  always  the  opposite  of  the  hridging,  aiul  the  so* 
railed J»<'/'/V*  HifHttm  avoids  the  difticulty  of  a  plurality  of  hatteries 
connecttHl  siiiitiltaneously  to  the  cirriiit. 

Tlie  line  relays  in  the  series  system  have  coils  of  30  ohms, 
which  remain  connected  in  the  circuit.  Fig.  12  is  a  diatrram  of  a 
series  talking  circuit.  The  im{)edam't>  of  the  series  coils  is  reduced 
to  a  minimum  hy  winding  the  coils  alniut  copper  sleeves.  The 
switch  circuits,  of  course,  are  somewhat  different  from  the  circuits 
of  the  hridging  system.  The  series  sysU'in  is  extensively  used  - 
»'.//.,  in  the  Chicago  exchange,  which  is  the  largest  single  automatic 
exchauge  in  the  world. 

BRIDGE  CUT-OFF  SYSTEH 

Still  another  system  has  been  invented,  and  nowadays  this  so- 
called  bridge  cut-off  itystem  is  put  into  many  of  the  new  exchanges; 
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Fig.  13.    Diagram  of  Ilrldge  Cut-Off  f^j-stera. 

but  the  two  other  systems  are  still  used  when  the  local  conditions 
favor  either  one  of  them.  The  bridge  cut-off  system  is  characterized 
l»y  its  having  only  one  bridge  H<'ro8s  the  line,  and  no  other  coils  in 
series  or  in  multiple  with  the  line.  Tliediagnim  i.s  shown  in  Fig. 
UB.  This  system  has  a  uew  element.  The  first  and  second  selec- 
tors could  not  be  restored  to  normal  by  the  subscriber's  replacing 
of  the  receiver,  as  all  connections  to  the  nuvhanism  of  these  switches 
are  broken.  This  necessitates  a  kind  of  three-conductor  system  in 
the  exchange  between  the  first  and  second  selectors  and  connectors, 
the  third  conductor  being  useil  for  releasing  pur|)ose8. 
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We  liave  seen  already. that  there  is  a  third  conductor  required 
anyhow — the  private  banks — for  guarding  duties.  The  use  of  the 
third  conductor,  therefore,  does  not  complicate  the  system;  and  the 
releasing  circuit  is  really  simple.  This  is  also  shown  in  Fig.  13. 
Connections  are  made  between  the  private  banks  of  the  first  selec- 
tors and  certain  springs  at  the  so-called  "release  relays"  of  the 
second  selectors.  Another  connection  is  made  from  the  second 
selector  private  bank  to  the  Z-shaped  springs  located  between  the 
line  relays  of  the  connectors,  the  Z-shaped  connector  springs  acting 
in  the  same  way  as  was  described  above.  If  the  subscriber  grounds 
both  lines  by  replacing  his  receiver,  the  connector  line  relays 
respond,  closing  the  Z-8haj)ed  springs  and  thus  closing  the  circuit 
of  the  connector  release  magnet  and  the  second  selector  release  re- 
lay. The  second  selector  release  relay,  being  energized,  closes  the 
circuit  for  the  second  selector  release  magnet  and  the  first  selector 
release  relay,  thus  finally  closing  the  releasing  circuit  of  the  first 
selector. 
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WIRELESS  TELEPHONY. 


The  transmission  of  intelligence  by  electricity  has  reached,  in 
its  brofidest  sense,  its  final  stage  of  development. 

Intercommunication  by  means  of  an  electrical  disturbance  set 
up  for  the  purpose  of  propagating  energy  representing  the  alpha- 
betic code  or  articulate  speech,  may  be  divided  into  four  genend 


Fig.  1. 

classes,  namely,  telegraphy  tmth  tmres^   telephony  with  wirea^ 
telegraphy  without  wires,  and  telephony  without  wires. 

These  principd  classes  may,  it  is  evident,  again  be  subdivided 
into  many  branches,  but  there  can  be  no  further  evolution  in  the 
arts  of  sending  and  receiving  messages  by  electrical  methods,  where 
instruments  are  interposed  between  those  who  are  to  be  brought 
into  mental  relationship  with  one  another. 


Fig.  2. 

This  is  not  to  say  that  each  of  the  forenamed  systems  approxi- 
mate in  their  present  state  anything  like  i^erfection,  for  all  are  mon' 
or  less  crude  in  practice  if  not  in  theory,  but  any  improvements 
that  may  be  made  in  the  future  must  be  in  degree  and  not  in  kind. 
Hence  the  raison  d'Hre  for  the  numerous  arrangements  of  both 
wire  and  wireless  systems  of  telegraphy  and  telephony  is  obvious. 

When  wireless  telegraphy  made  its  spectacular  debut  a  few 
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years  ago,  to  the  casual  observer  there  seemed  no  good  and  valid 
reason  why  speech  propagation  and  reception  without  wires  were 
not  already  at  hand,  but  to  the  investigator  it  was  soon  revealed 
that  history  was  repeating  itself  and  that  wireless  telegraphy  and 
telephony  were  as  difiPerent  in  all  their  phases  as  were  their  pre- 
decessors which  utilized  the  connecting  wire.  A  brief  analysis  of 
these  differences  that  mark  so  clearly  the  dividing  line  between  the 
four  great  classes  enumerated,  will  assist  materially  in  an  under- 
standing of  the  final  principles  of  wireless  telephony. 


Fig.  3. 

When  Morse  took  up  the  study  of  telegraphy  a  working  knowl- 
edge of,  the  laws  of  electricity  had  not  as  yet  been  very  accurately 
deduced.  Induced  and  alternating  currents  had  been  explained  by 
Henry  and  Faraday,  but  their  usefulness  remained  to  be  indicated. 
It  was  well  known,  however,  that  a  direct  current  traversing  a  wire 
was  capable  of  energizing  an  electromagnet,  and  from  this  fact 
Morse  conceived  the  idea  of  the  relay — the  device  that  made 
telegraphy  a  commercial  factor. 

Although  nearly  half  a  century  elapsed  before  Bell  made  his 
successful  essay  to  produce  a  speaking  telephone,  electricity  had  not 
made  as  much  progress  as  might  have  been  expected;  Reis  had 
attempted  to  construct  a  telephone  by  utilizing  a  rapidly  inter- 
mittent current,  and  these  futile  trials  led  Bell  to  believe  that  such 
a  method  was  impractical;  exx)erimenting  with  steel  reeds  vibrating 
over  magnets  he  produced  currents  of  varying  strengths,  termed 
undulatory  currents,  in  virtue  of  their  wave-like  characteristics,  and 
this  formed  the  basic  principle  of  the  telephone. 

In  Marconi's  wireless  telegraphy  any  kind  of  a  low-voltage 
current  may  be  transformed  into  one  of  high  potential  and  frequency, 
but  the  oscillations  of  such  a  transmitter  emit  their  energy  in  the 
form  of  a  train  of  waves  with  long  intervals  of  time  between  them, 
and  these  are  not,  therefore,  at  all  adapted  to  the  transmission  of 
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voice  undulations.  There  are  several  methods  whereby  articulate 
speech  may  be  transformecl  into  electric  current  waves  which  may, 
in  turn,  be  propagated  through  the  ether  of  the  air,  earth,  or  water. 
Thejirst  of  these  methods  consists  of  a  battery  and  a  telephone 
transmitter  connected  in  series,  with  the  terminals  which  are  embed- 
de<l  in  the  earth  or  immersed  in  the  water,  thus  forming  a  circuit; 
when  the  midulatory  current  flows  through  it,  the  larger  portion  of 
the  energy  is  dissiimttxl,  flowing  out  in  curv'e<l  stream  lines,  owing 
to  the  great  cross-section  of  the  earth,  and  extending  to  consider- 


Buhmer  Pboto-Electrlc  Telephone. 
Fig.  4. 


The  Transmitter. 


able  distances.  Now  if  a  complementary  equipment  consisting  of 
a  telephone  receiver  is  likewise  in  contact  with  the  earth  by  having 
its  t<?nninals  similarly  grounde<l,  when  the  energy  impinges  u^x)n 
these  the  current  then  flows  through  the  receiver  and  speech  may 
be  accurately  reproduced. 

A  second  method,  ideal  in  its  simplicity,  is  accomplished  by 
electromagnetic  induction;  everyone  knows  that  when  a  current 
flows  through  the  primary  of  an  induction  coil  alternating  currents 
are  set  up  in  the  secondary  coil  by  what  is  called  induction,  but 
everyone  does  not  know  that  these  coils  may  be  widely  sei)arateti 
before  the  limits  of  the  inductive  influence  will  be  reached.    If,  for 
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instance,  a  telephone  transmitter  and  a  source  of  electromotive 
force  approximating  2o  volts  are  included  in  the  circuit  of  a  coil  of 
wire  having,  say,  25  turns  and  a  diameter  of  5  feet,  and  a  telephone 
receiver  is  included  in  a  coil  of 
wire  having  60  turns  and  a  diam- 
eter of  3  feet,  words  spoken  into 
the  transmitter  may  be  distinctly 
heard  in  the  receiver  when  the 
two  instruments  are  separated  a 
distance  of  100  feet,  providing, 
of  course,  that  the  coils  have 
their  planes  parallel  with  each 
other.  This  is  the  inductivity 
method  and  like  the  one  previ- 
ously described,  it  is  operated  by 
a  low-voltage  diroct  cummt. 

The  invention  of  the  tele- 
phone receiver  led  to  many  inter- 
esting experiments  and  to  many 
curious 'discoveries.  Bell  in 
working  with  his  new  telephone 
devised  an  apparatus  for  tele- 
phoning on  a  beam  of  light. 
This  instrument,  which  he 
named  the  radiophone^  also  in- 
volved the  use  of  selenium,  a 
substance  that  possesses  the 
very  remarkable  property  of 
varying  in  its  electrical  resist- 
ivity and  its  reciprocal  when 
fused  in  between  two  connect- 
ing wires  of  platinum  or  silver. 

This  apparatus  is  shown  in 
the  diagram,  Fig.  1;  the  trans- 
mitter used  by  Bell  was  not  electrical,  for  the  transmitter  as  we 
know  it  had  not  been  invented;  it  comprised  the  mouthpiece  1  and 
shell  2  for  supporting  a  thin  metal  diaphragm  3;  to  the  latter  was 
attached  a  small  concave  mirror  4,  a  plane  mirror  5,  convex  con- 
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densing  lens  6,  and  projecting  lens  7,  all  of  which,  suitably  mounted 
on  a  frame,  completed  the  apparatus  for  transforming  the  air 
vibrations  produced  by  the  voice  into  light  variations  of  the  pro- 
jected beam. 

The  receiver  was   formed  of  a  parabolic  mirror  8  of  large 
diameter  and  in  the  focus  of  this  a  selenium  cell  9  was  adjuste<l; 

a-  Oy-  a-  a- 

Fig.  7. 

the  terminals  of  the  conducting  wires  or  electrodes  of  the  cell  led 
through  insulated  bushings  in  the  reflector  to  the  back  where  they 
were  connected  in  series  with  a  battery  10  and  a  telephone  receiver 
11.  When  in  operation  the  successive  transformations  take  place 
in  the  following  manner — the  light  from  the  sun  is  reflected  by  the 
plane  mirror  5  to  the  condensing  lens  6  where  its  rays  are  focused 
on  the  concave  mirror  4.  From  the  latter  the  light  is  reflected  to 
the  lens  7  where  it  is  propagated  through  the  intervening  space  to 
the  large  parabolic  reflector  8,  where  its  diffused  waves  are  col- 
lected and  concentrated  to  a  pencil  point  on  the  selenium  cell  9.  It 
is  evident  that  any  changes  in  the  intensity  of  the  light  will  change 


Fig.  8. 

the  resistance  of  the  selenium  cell,  varying  in  consequence  the 
current  from  the  battery  10  and  finally  affect  the  telephone  11. 

When  words  are  spoken  into  the  transmitter  this  is  precisely 
what  takes  place,  for  the  movements  of  the  diaphragm  of  the  trans- 
mitter cause  the  concave  mirror  to  vibrate  in  unison  with  it  and 
every  change  is  thus  indicated  at  the  receiving  end  in  virtue  of 
these  fluctuations.  While  the  distance  to  which  Bell  was  able 
to  propagate  the  light  variations  representing  the  human  voice  was 
probably  less  than  one  hundred  feet,  recent  improvements  in  the 
system  by  Herr  Ernest  Ruhmer  have  resulted  in  the  transmission 
of  speech  a  distance  of  several  miles. 

This  was  made  possible  through  the  remarkable  advance  of 
electro-physics  during  the   past   few  years.     Prof.  H.  T.  Simon 
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ascertained  that  an  ordinary  arc  light  could  be  made  to  reprodu»> 
articulate  speech  more  clearly  and  distinctly  than  any  phonograph 
by  8uix?rimix>sing  a  feeble  alti^rnatitig  current  u|x>n  a  heavy  direct 
current.  The  dijigram,  Fig.  2,  illustrates  one  form  of  the  method  by 
which  this  may  he  accomplished. 

An  ordinary  telephone  transmitter  1  and  battery  2  are  con- 
nected in  series  with  the  primary  of  a  small  induction  coil  3;  the 
secondary  coil  4  leads  through  the  condensers  5,  5  to  the  opposite 
carbons  6,  6,  forming  the  electrodes  for  the  arc  light  7;  the  latter 
is  produced  by  a  direct  50- volt  current  from  a  generator  8  or,  what  is 
yet  better,  a  storage  battery.     When  the  speaking  arc  or  arcophone 
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Ferryboat  Ridgewood  Equipped  With  Collins'  Wireless  Telepbone. 
Fig.  9. 

is  operated,  the  voice  causes  the  air  waves  to  vary  the  resistance 
of  the  transmitter  1  in  the  usual  manner;  the  current  from  the  bat- 
tery 2,  thus  varied,  energizes  the  primary  coil  3,  setting  up  alter- 
nating currents  in  the  secondary  coil  4 ;  the  condensers  5,  5  pro- 
duce no  appreciable  effect  on  the  wave  form  of  the  current  which  is 
superimposed  upon  the  current  from  the  generator  flowing  through 
the  circuit  formed  of  the  carbons  6,  fi;  arc  light  7,  and  generator  8. 
The  object  of  the  condenst^rs,  however,  is  to  prevent  the  direct 
current  from  backing  up  into  the  transmitter  and  burning  it  out. 
The  superimposed  currents,  however  feeble,  vary  the  resistance  of 
the  arc,  and  this  produces  a  change  in  its  temix'raturt»  which  gives 
rise  in  turn  to  sound  waves.  Another  important  function  of  the 
8p(>aking  arc  is  that  there  is  also  a  variation  of  the  intensity  of  the 
light  which  it  emits. 


887 


WIBBLE8S  TELEPHONY 


(f^i^pi^ 


308 


WIRELESS  TELEPHONY 


9 


It  is  this  by-product,  as  it  were,  of  the  speaking  arc  that  Ruh- 
mer  employed  in  his  photo-electric  telt^phone  which,  in  all  other 
respects,  is  based  upon  the  original  Bell  pliotophone.  In  Ruhmer's 
system  the  speaking  arc  is  placed  in  the  focus  of  a  parabolic 
reilector  whence  its  rays  are  directed  to  the  distant  receiver,  and 
when  the  two  are  in  ixjrfect  alignment  the  voice  into  the  one  will 
be  distinctly  audible  in  the  other.     The  arrangonient  then  takes  the 


Upper  Deck  of  John  (i.  MoCuUou»;h.  Showing  Acriiii  Wires  Used  in  Collins   Syvttfin. 

Big.  11. 

form  shown  schematically  in  Fig.  3,  and  with  the  description  of  the 
speaking  arc  and  the  selenium  c<^ll  that  have  gone  before,  its  action 
will  be  readily  apparent.  Figs.  4,  5,  and  6  are  photographs  of  the 
Rnhmer  apparatus. 

The  writer,  A.  Frederick  Collins,  in  endeavoring  to  bring  about 
the  advent  of  a  commercial  wireless  telephone  that  would  not  be 
interfered  with  by  fc^  or  other  conditions  and  would  not  require 
either  alignment  or  a  direct  visual  line,  investigate*!  the  «*veral 
schemes  of  dispersion,  inductivity,  <ind  electromagnetic  wave  meth- 
ods.   The  latter  is  the  most  interesting  since  it  partakes  of  the 
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nature  of  the  wireless  telegraph  as  well  as  of  the  wire  telephone, 
yet  it  will  do  that  which  is  not  possible  with  either  of  the  latter, 
i.e.,  it  will  transmit  articulate  speech  wirelessly. 

In  the  beginning  of  this  article  it  was  pointed  out  that  electric 
waves,  when  emitted  by  a  high  frequency  and  potential  oscillation 
equalized  through  a  spark  gap,  were  periodic  as  indicated  in  the 
diagram.  Fig.  7,  the  current  strength  decreasing  in  geometric  pro- 
gression like  the  vibrations  of  a  straight  steel  spring.  In  wireless 
telephony  an  undulatory  oscillation  is  required,  and  this  may  be 
obtained  by  loading  the  radiating  circuit  with  large  inductances 
and  cajmcities  whose  coefficients  possess  the  properties  of  slowing 
down  each  oscillation  until  a  more  or  less  perfect  sine  wave  results 
as  indicated  in  Fig.  8. 

When  this  ix)int  is  reached  the  striking  effect  of  the  oscillatory 
discharge  on  the  ether  is  greatly  weakened,  but  at  short  distances 
the  telephone  will  respond  audibly  without  the  usual  coherer  inter- 
vening; some  of  the  most  recent  work  by  the  writer  though,  has 
shown  that  a  liquid  detector,  made  by  immersing  a  platinum  point 
and  a  platinum  i^late  in  an  alkaline  solution,  increases  the  volume 
of  sound  to  an  appreciable  extent. 

The  first  series  of  tests  with  this  type  of  apparatus  was  made 
at  Rockland  Lake,  N.  Y.,  a  distance  of  a  mile,  while  articulate 
speech  has  been  transmitted  and  received  under  very  favorable 
conditions  a  distance  of  three  miles  and  a  half.  Tests  were  also 
carried  out  between  the  ferry  boats  John  G.  McCullough  and 
Ridgewood,  plying  between  New  York  and  Jersey  City. 

Its  final  adoption  will  prevent  collisions  of  vessels  in  harbors, 
while  telephone  communication  between  docks  and  vessels  will 
facilitate  transportation,  saving  time  and  money  as  well  as  insuring 
the  safety  of  the  passengers  and  crews.  It  is  another  step  in  the 
march  of  human  progress. 
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COMMERCIAL  ASPECTS  OF  TELEPHONE 
LINE  PROTECTION*. 


The  problems  involved  in  telephone  line  apparatus  and  protec- 
tion are  numerous  and  varietl  l>ecause  of  the  widely  different  con- 
ditions which  may,  and  often  do  arise  to  make  protection  necessary. 
To-ilay  the  protective  apparatus  used  in  a  telephone  plant  forms  an 
important  part  of  the  entire,  ecjuipment,  as  on  it  dejjends  not  only 
the  safety  of  the  lives  of  the  operators  and  users,  but  of  the  physical 
property  of  the  telephone  company  and  that  of  its,  customers. 

The  presence  of  the  street  railway  and  electric  lighting  and  other 
systems  in  the  allied  fields  of  electrical  engineering,  and  the  a<lvent  of 
the  common  batter}'  system  now  largely  used  in  the  telephone  industry 
itself,  has  placed  before  the  telephone  engineer  more  and  more  com- 
plex conditions. 

There  are  broadly  three  elements  against  which  apparatus  must 
Ije  protected :  lightning,  high-tension  currents,  such  as  may  be  caused 
to  fl^w  on  a  telephone  line  by  a  cross  with  electric  light  or  power  wires; 
and  sneak  currents,  which  are  currents  too  small  to  do  instantaneous 
damage,  but  which,  if  they  persist,  may,  by  the  accumulation  of  heat, 
cause  damage  to  the  apparatus.  Unless  danger  from  consecjuent  fire 
l^e  taken  into  account,  only  the  first  two  causes  neetl  be  considered  in 
regard  to  the  danger  to  human  life. 

The  types  of  apparatus  for  protecting  against  one  or  all  of  these 
sources  of  danger  are  well  known.  It  is  the  purpose  of  this  article  to 
consider  where  and  under  what  conditions  protection  should  lie  given, 
and  under  what  conditions  it  is  better  to  take  some  risk  and  give  only 
partial  protection  or  none  at  all. 

Carbon-block  arresters,  wherein  two  carbon  blocks  separated  by 
a  thin  air-gap  are  use<l  as  a  "safety  valve"  for  high  potentials,  are  now 
almost  universally  employed  for  protection  against  lightning,  and 
against  all  currents  such  as  might  produce  potentials,  of,  say,  350  volts 
or  over  between  the  line  and  ground.     With  u  distance  of  .()()5  of  an 

•  lif  KempstOT  n.  Millrr.  R»T«rlnt«>  from  Electrical  Review.  December  10,  1804,  by 
pvrmUttluu. 


408 


TELEPHONE  LINE  PROTECTION 


inch  Ijetween  the  carbon  blocks  a  pressure  of  350  volts  across  the 
blocks  will  break  down  the  insulation  of  the  air-gap  between  them. 

This  kind  of  an  arrester,  of  course,  operates  by  grounding  the 
line  either  temporarily  or  permanently;  and  in  the  case  of  a  lightning 
discharge,  which  persists  for  only  a  minute  period  of  time,  no  other 
protection  is  necessary.  However,  a  high  potential  current  due  to  a 
cross  with  a  high  te"  ion  wire  is  likely  to  persist  after  being  grounded, 
and  thus  cause  a  very  large  current  to  flow  over  the  conductor  so 
grounded,  which  may  be  injurious  to  the  line  wire  or  cable  itself. 
For  this  reason  it  becomes  desirable  to  provide  some  means  for  open- 
ing the  circuit  after  it  has  been  grounded  in  case  the  current  allowed 
to  flow  on  account  of  the  grounding  is  of  sufficient  magnitude  to  be- 
come dangerous.  ^The  most  simple  means  of  accomplishing  this 
consists  of  a  fuse  wire  of  limited  carrying  capacity. 

Sneak  currents  may  be  caused  by  low  potential  crosses  somewhere 
on  the  line,  or  of  comparatively  high  potential  crosses  through  a  high 
resistance.  In  common  battery  work  still  another  very  common  cause 
of  sneak  currents  is  due  to  the  grounding  of  one  of  the  telephone  wires 
or  the  crossing  of  two  wires,  in  which  cases,  even  though  the  lines  are 
not  subjected  to  any  outside  electromotive  force,  the  current  flowing 
from  the  common  battery  may,  in  some  systems,  persist  to  such  an 
extent  as  to  cause  ultimate  damage  to  the  apparatus. 

The  most  simple  means  of  protection  against  these  small  currents 
is  to  employ  a  fuse  wire  of  very  small  carrying  capacity,  mounted  on 
mica  strips  to  which  they  are  secured.  These  are  not  very  efficient 
forms  of  sneak-current  arresters,  for  the  reason  that  they  can  not  be 
depended  upon  to  open  the  circuit  when  traversed  by  current  of  pre- 
determined strength.  Another  disadvantage  is  that,  on  account  of 
their  small  size,  they  are  very  frail  and  liable  to  mechanical  injury. 
The  well-known  heat  coil  is  the  most  effective  sneak-current  arrester 
yet  put  into  extensive  use. 

For  protection  against  heavy  currents  such  as  may  be  caused  to 
flow  in  the  line  after  the  heat  coil  has  operated  and  grounded  the  line 
conductor,  comparatively  heavy  fuses — five  to  ten  amperes — usually 
mounte<l  in  wooden  or  fibre  tubes  are  found  most  desirable.  These 
are  not  so  much  subject  to  the  frailties  of  mechanical  construction  as 
the  mica  fuses,  and  may,  therefore,  be  used  on  outside  construction 
ivith  considerable  freedom. 
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By  the  judicious  use  of  all  of  these  general  types  of  protectors,  a 
d^ree  of  protection  that  is  well-nigh  absolute,  may  be  attained;  but 
there  is  a  difference  of  opinion  as  to  whether  or  not  absolute  protection 
is  at  all  desirable.  Under  conditions  made  necessary  for  absolute 
protection  the  heat  coils,  on  account  of  their  extreme  sensitiveness, 
may  be  fre<|uently  operatetl  by  the  normal  currents  of  the  exchange; 
again,  if  the  line  fuses  are  made  of  too  low  carrying  capacity  ven»' 
slight  currents  which  might  injure  nothing  would  also  cause  their 
o{)eration.  If  the  gaps  in  the  carbon  arresters  are  made  too  small, 
the  liability  of  short-circuiting  the  line  to  ground  by  the  accidental 
contact  iH'tween  the  carbons,  or  the  presence  of  a  small  amount  of 
carlx>n  dust,  would  exist. 

The  blowing  of  a  heat  coil  or  the  short-circuiting  of  the  carbon 
arrester  at  the  exchange  is  not  a  matter  of  much  importance,  l>ecause 
it  is  easy  to  replace  them  quickly,  men  being  always  present  in  the 
exchange  for  that  purpose.  However,  all  such  unwished-for  occur- 
rences at  the  office  arrester,  even  though  remedied  within  a  few  mo- 
ments, are  likely  to  cause  interruption  in  the  service  which,  from  the 
subscril)er's  standpoint,  is  not  desirable.  The  blowing  of  a  fuse  or 
the  operation  of  a  carbon  arrester  or  heat  coil  at  some  point  in  the 
outside  constniction  or  at  the  subscril^er's  station  is,  however,  much 
worse,  as  the  interruption  to  the  service  is  of  longer  duration  and  the 
cost  of  repairing  is  much  greater. 

It  seems  evident  that  there  is  such  a  thing  as  overdoing  protec- 
tion, as  too  perfect  a  system,  considered  from  the  standjx)int  of  pro- 
tection alone,  brings  about  an  increased  cost  for  maintenance  and 
frequent  interruptions  of  service.  If  the  cost  of  protection,  due  to 
added  maintenance  and  ser\'ice  interruption,  is  greater  than  the  gain 
due  to  the  saving  affonle<l  by  the  protection,  then  there  is  too  much 
protection.  For  this  reason  a  middle  course  is  usually  pursued,  aim- 
ing to  give  sufficient  protection  to  the  apparatus  and  pro[)erty  to  pre- 
vent the  possibility  of  any  far-reaching  disastrous  results,  at  the  same 
time  keeping  in  mintl  the  minimizing  of  the  cost  of  maintenance  and 
of  ser\'ice  interruption. 

A  typical  telephone  line  for  this  discus.sion  may  l)e  taken  as  one 
extending  from  the  central  office  to  a  subscril>er's  instrument,  this 
line  passing  directly  fnmi  the  office  through  a  section  of  undergnumd 
cable,  thence  through  a  section  of  overhead  cable,  and  thence  through 
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bare  wires  on  poles  to  the  subscriber's  premises.  The  underground 
cable,  it  is  understood,  runs  directly  into  the  central  office,  being  ter- 
minated either  in  f>otheads  or  equivalents,  or  directly  on  the  line  side 
of  the  distributing  frame,  so  that  there  are  practically  no  points,  be- 
tween the  place  where  the  cables  enter  the  underground  conduits  and 
the  inside  wiring  of  the  central  office,  at  which  the  conductors  are 
liable  to  become  crossed  with  wires  charged  to  dangerous  potentials. 
This  portion  of  the  line,  therefore,  may  be  fairly  assumed  to  offer  no 
jx)ints  of  exposure  to  danger,  although,  of  course,  danger  may  be 
transmitted  to  it  from  other  portions  of  the  line. 

At  the  point  in  the  office  where  the  conductor  emerges  from  the 
cable,  it  is  common  practice  to  provide  a  combined  carbon  and  heat- 
coil  arrester.  The  coil  is  so  arranged  that  when  released  it  will  allow 
the  line  spring  to  make  contact  with  the  ground  connection,  grounding 
the  line  and  opening  the  circuit  to  the  switchboard. 

That  the  central  office  protection  on  the  line  in  question  should 
consist  of  a  heat  coil  and  carbon  arrester  is  a  matter  concerning  which 
there  is  a  little  dispute.  There  are  those  who  maintain  that  a  line 
when  entirely  underground  from  the  central  office  to  the  subscriber's 
premises  has  no  need  of  any  protection  whatever. 

The  degree  of  sensitiveness  of  the  heat  coil  can  not  be  specified 
for  all  cases,  as  the  apparatus  of  some  switchboard  systems  is  very 
much  more  susceptible  to  damage  by  excessive  currents  than  others. 
In  other  words,  currents  which  would  be  excessive  for  the  electro- 
magnets of  some  systems  would  be  carried  readily  without  danger  of 
harm  by  those  of  others.  It  may  l>e  said  in  this  connection  that  the 
best  switchboard  designers  are  making  the  coils  of  electromagnets, 
as  far  as  possible,  self-protecting;  so  that  they  would  not  be  damaged 
by  any  current  due  to  the  voltage  of  a  central  office  battery  which 
might  flow  through  them,  even  on  a  short  circuit.  With  such  appa- 
ratus there  seems  no  doubt  that  an  all  underground  line  may  be  left 
without  protection. 

The  electromagnets  of  some  switchboards  are  wound  with  such 
fine  wire  as  to  render  the  following  requirements  of  the  heat  coil 
neces.sary:  that  it  .shall  carry  0.1  ampere  indefinitely  and  operate 
on  0.2  amj)erc  within  five  minutes.  To  meet  these  requirements 
tJK'  heat  coil  is  generally  wound  to  about  twenty-ohms  resistance. 
In  other  cases  the  requirements  are  that  the  coil  shall  stand  0.2  ampere 
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indefinitely  anH  that  it  must  operate  on  0.25  ampere  within  three 
minutes,  and  that  the  resistance  of  the  c-oil  shall  not  be  more  than 
seven  and  one-half  ohms.  The.se  latter  figures  are  now  perhaps  the 
most  commonly  atloptetl,  and  with  such  a  coil  when  the  current  is  in 
excess  of  one-<juarter  of  an  ampere  hut  le.«s  than  0.4  of  an  ampere 
the  coil  will  operate  in  from  one  to  one  and  one-quarter  minutes; 
and  with  currents  in  excess  of  0.4  of  an  ampere  they  are  operates! 
j>ractically  instantaneously. 

The  air-gap  l)etween  the  arrester  blocks  at  the  central  office  is 
now  fairly  well  standanlize*!  at  0.005  inch,  and  with  such  an  air-gap 
and  with  carbon  of  ortlinary  gratle  the  insulation  between  the  blo<-ks 
will  break  down  when  subjecte<l  to  a  tension  of  al)out  350  volts. 

The  (juestion  as  to  whether  a  fuse  should  be  placed  at  the  point 
where  an  underground  cable  joins  an  aerial  cable  is  a  mooted  one. 
It  Is  probably  true  that  as  in  many  other  disputed  questions  there 
are  goo<l  reasons  on  l)oth  sides  and  that  under  some  conditions  a 
fu.se  shoultl  \ye  place<l  at  this  point,  while  under  others  it  should  not. 
Pure  logic  certainly  brings  us  to  the  conclusion  that  a  fuse  should  Ix? 
place<l  at  a  point  on  the  line  where  the  exposed  constniction  l>egins. 
This  l)eing  true,  the  placing  of  fuses  in  the  conductors  at  the  point 
where  the  aerial  cable  passes  to  the  underground  cable,  depends  on 
whether  or  not  the  aerial  cable  may  be  considered  as,  within  itself, 
exposetl.  Clearly,  a  high-tension  wire  falling  across  or  in  any  other 
way  coming  in  contact  with  an  aerial  telephone  cable,  is  a  possible 
occurrence.  It  is  also  clear  that  such  a  cross  might  cause  the  speedy 
disintegration  of  the  sheath  of  the  cable  and  thus  direct  ex|x)sure  to 
the  conductors  within.  In  this  sense  the  aerial  cable  is  exposed  to 
danger  and  to  protect  the  underground  conductors  from  damage  due 
to  such  a  contingency,  it  would  be  necessary  to  place  fuses  at  the  outer 
end  of  the  underground  cable. 

While  ever}'  telephone  man  who  has  had  experience  with  out- 
side construction  will  probably  call  to  mind  one  or  a  few  cases  where 
damage  to  aerial  cables — and  through  them  to  underground  cables 
— has  occurre<l,  due  to  exposure  at  some  point  within  the  aerial 
cable,  it  is  probably  true  that  the  cases  that  one  man  is  able  to  cite 
are  few.  Certainly  aerial  cables  are  often  damaged,  due  to  high- 
tension  crosses  or  to  lightning,  but  in  many  of  these  cases  of  damage 
the  doubt  exists  as  to  whether  the  trouble  originated  at  some  |x)int 
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along  the  line  of  the  aerial  cable  or  whether  it  originated  elsewhere 
and  was  brought  into  the  aerial  cable  conductors  through  the  lines 
leading  to  those  conductors.  Many  cases  of  damage  to  aerial  cables, 
and  through  them  to  underground  cables,  which  at  first  sight  appeared 
to  be  clearly  due  to  some  conditions  along  the  line  of  the  aerial  cable, 
have  afterwards  proved  to  be  due  to  conditions  existing  beyond  it, 
where  the  conductors  of  the  circuits  were  more  exposed  to  trouble. 

Perhaps  the  best  answer  to  the  question  arising  as  to  the  loca- 
tion of  fuses  at  the  outer  end  of  the  underground  construction  is  that 
unless  the  aerial  cable  traverses  a  route  such  that  high-tension  crosses 
are  very  likely  to  occur  along  the  line  of  the  cable,  the  aerial  cable  may 
be  fairly  considered  as  an  unexposed  portion  of  the  lines;  and  this  con- 
clusion brings  us  unalterably  to  the  conclusion  that  the  fuse  should 
be  at  least  carried  to  the  outer  end  of  the  aerial  cable.  In  those 
special  cases  where  the  danger  arising  along  the  line  of  the  aerial 
cable  seems  great,  then  only  should  a  fuse  be  inserted  between  the 
underground  and  overhead  cables. 

We  have  now  arrived  at  the  conclusion  that  in  most  cases  the 
line  fuse  should  be  moved  at  least  as  far  from  the  central  office  as 
the  end  of  the  aerial  cable.     What  should  be  done  at  this  point? 

Clearly  the  bare  wire  joining  the  aerial  cable  and  the  drop  wires 
serving  the  subscribers  are  exposed  portions  of  the  circuit.  To 
provide,  therefore,  against  heavy  currents  due  to  crosses  being  car- 
ried into  the  cable  conductors,  a  fuse  should  be  placed  at  the  outer 
end  of  the  aerial  cable.  If  the  line  be  such  a  one  that  the  underground 
cable  joins  directly  to  the  bare  wire,  then  the  fuse  should  be  placed 
at  the  end  of  the  underground  cable.  We  may  say,  therefore,  that 
a  fuse  always  should  be  placed  between  the  exposed  and  unexposed 
portions  of  the  circuit. 

The  fuse  at  such  point  provides  only  for  the  interruption  of 
strong  currents.  It  does  not  provide  against  static  discharge.  For 
this  reason  it  follows  that  in  the  case  of  all  long  aerial  lines,  such  as 
toll  lines,  country  lines  and  long  bare  city  lines,  a  carbon  arrester 
should  be  added  as  a  protective  means  at  the  point  where  the  bare 
wire  arrives  at  the  outer  end  of  the  cable.  These  carbon  arresters, 
owing  to  their  comparative  inaccessibility,  should  be  provided  with 
a  wider  air-gap  than  is  used  in  the  central  office  arresters,  and  proba- 
bly from  0.01  to  0.015  inch  represents  about  the  best  practice  in  this 
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respect.  The  question  as  to  the  relative  position  of  the  fuse  and  the 
carljon  arresters  now  arises.  It  is  evi<lent  that  if  th<*  fu.se  were  place<l 
in  the  circuit  l)etween  the  carbon  arrester  an<i  the  central  office,  a 
high-tension  cross  on  the  exj>ose<l  |X)rtion  of  the  hne  Ijeyond  the  car- 
lx)n  arrester  might  cause  an  arc  in  the  arrester  which  would  persist, 
if  the  cross  persistetl,  and  gratlually  con.sume  the  carbons  and  perhaps 
inci<lentally  also  the  cable  box,  pole  fixture  and  pole.  The  fuse,  there- 
fore, should  Ik*  ])lace<l  l)etween  the  carlK)n  arrester  and  the  outer  end 
of  the  line  and  never  between  the  carlx>n  arrester  and  the  cable. 

The  carbon  arrester  in  such  cases  protects  the  cable  from 
lightning  and  other  high-tension  cros.ses,  while  the  fuse  not  only 
prevents  a  heavy  current  from  entering  the  cable  conductors,  but 
also  prevents  the  continuance  of  arcing  at  the  arresters  which  might 
lead  to  the  damage  of  the  equipment  at  that  point. 

We  may  then  dei'ide  that  at  least  a  fu.se  is  require<l  at  the  jK)int 
where  the  overheatl  cable  joins  the  bare  wire  or  where  an  under- 
ground cable  is  connected  to  a  bare  wire  without  the  intervention 
of  an  aerial  cable.  Also,  wherever  a  long  oj)en  wire  line  joins  a 
cable  at  such  a  point,  a  carlxir  arrester  also  should  l>e  employed. 

Some  engineers  use  a  carlx)n  arrester  as  well  as  a  fu.se  at  all 
points  of  juncture  between  open  wire  and  cable  regardless  of  the 
length  of  line.  This  seems  jxx)r  |X)licy  and  one  that  is  productive 
of  excessive  maintenance  expense.  In  other  words,  practic-e  has 
proven  in  general  that  the  occasional  loss  due  to  damaged  cables 
caused  by  the  omission  of  carbon  blocks,  where  the  open-wire  lines 
are  short,  is  of  less  ini{X)rtance  than  would  be  the  maintenance  of 
such  blocks  at  all  |X)ints  where  the  open  wire  joins  the  cable. 

Probably  all  telephone  engineers  agree  that  a  fuse  .should  he 
placed  at  the  points  where  the  line  wire  enters  the  subscril)er's  prem- 
ises. Many  complete  telephones  are  now  ecjuippetl  with  fairly 
efficient  fonns  of  carbon  lightning  arresters,  the.se  latter  forming 
integral  parts  of  the  telephone  as  produced.  The  combination  of 
the  fu.se  and  the  arresters,  therefore,  forms  a  ver\'  efficient  protection 
for  the  instrument,  the  premi.ses,  and  in  fact  for  the  line  conductor 
itself.  The  carbon  blocks  under  any  circumstances  should  never  be 
use<l  without  the  fuse  outside,  as  a  dangerous  fire  may  result  from 
arcing.  For  this  reason  the  indiscriminate  placing  of  carlx)n  arresters 
on  telephone  instruments  by  the  manufacturers  is  to  be  deplored. 
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Some  companies  add  a  heat  coil  to  the  protective  device  at  the 
subscriber's  premises,  but  this  is  thought  not  to  be  in  accordance 
with  the  best  practice.  The  cost  of  bumt-out  telephones  which 
may  be  savetl  by  the  presence  of  a  heat  coil  probably  would  prove 
much  less  than  the  cost  of  time  and  labor  of  replacing  heat  coils  at 
the  subscriber's  stations. 
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Telephone  service  wholly  l>etween  jn^ople  in  the  same  town  or 
hetwtt'M  corresiMmdeiits  in  separate  towns  is  subject  to  variations 
of  cjwality  in  two  principal  ways.  One  of  these  is  a  variation  in  the 
^(KMlness  of  the  actual  transmission  of  speech,  and  the  other  is  a 
variation  in  the  excellence  of  the  steps  refjuired  to  pet  the  lines  con- 
necte<l  for  the  conversation,  and  di.s<'onne<'te<l  after  it. 

Excellence  of  service  and  clearness  of  transmitted  speech  are 
of  the  highest  importance  in  long-<listance  work,  and  it  has  been 
suggeste<l  hy  a  prominent  engineer  in  a  <liscussion  ujKin  this  subject 
that  with  the  l)est  conditions  of  to-tlay,  operate<l  in  the  l)est  known 
way,  the  passible  radius  for  long-<listance  talking  from  any  point 
is  tlefinitely  limited,  and  on  the  edge  of  the  area  indicated  by  this 
radius  is  a  zone  in  which  successful  talking  is  likely  to  In*  out  of  the 
(juestion  at  one  time  or  another.  In  such  long-<listance  work;  there- 
fore, the  more  important  problem  is  that  the  lines,  in.stniments  and 
switching  appliances  be  such  as  to  enable  the  wmversation  to  l»e 
commercially  satisfactory,  and  the  (juestions  having  to  do  with  the 
speed  of  connection  and  disconnection  are  relatively  of  .smaller 
importance. 

In  k)cal  telephone  .ser\'ice,  however,  making  up  by  far  the  greater 
bulk  of  telephone  activity,  it  is  now  relatively  a  simple  matter  to 
provide  and  keep  in  order  satisfactorj'  conditions  for  uniformly  suc- 
cessful commen-ial  conversation.  As  it  is  possible  wholly  to  eliminate 
primary  batteries  at  the  subscribers'  stations,  an<l  to  supply  current 
for  transmission  from  a  central  point,  the  old  difficulty  of  tran.smitter 
current  supply  has  ceasetl  to  be  a  bugbear.  The  market  is  full  of 
transmitters  of  designs  gcKxl  enough  to  ensure  acceptable  load  trans- 
mi.ssion.  The  real  problem,  therefore,  is  that  of  getting  the  ct»n- 
nections  made  and  unmade  at  a  rate  of  speed  high  enough  to  sati.sfy 
all  reasonable  expectations  of  the  subscriliers,  and  at  the  same  time 
keep  reasonably  reduce<l  the  expense  of  switching. 

•By  SatntiPl  U.  McMf^u.  K<>prlnte(l  from  Klectrlcal  R»"Vle\v.  Doii'mber  17.  IWM,  by 
permlsiiion. 
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It  has  often  been  suggested  that  the  operation  of  a  telephone 
exchange  for  the  production  of  local  service  is  nothing  more  nor 
less  than  a  manufacturing  problem,  the  product  iji  such  a  work  being 
local  telephone  service.  In  a  very  large  degree  this  analogy  is  exact, 
and  so  far  as  it  is  so  there  seems  to  l)e  no  reason  why  the  accumulated 
experience  of  manufacturers  of  other  commmlities  should  not  be 
utilized  by  the  maker  of  telephone  service.  It  requires  but  little 
close  observation  of  the  daily  methods  of  telephone  exchanges  to 
find  opportunity  for  applying  the  experience  of  other  manufacturers 
to  the  result  of  an  improvement  in  local  service,  and  a  reduction  of 
its  cost.  One  of  the  most  illuminating  results  of  such  a  study  is  to 
reach  a  simple  undertsanding  of  what  local  telephone  service  really 
is  and  what  are  the  elements  of  which  it  is  composed. 

"Without  attempting  too  great  a  refinement,  it  may  he  said  that 
the  following  items  represent  the  elements  which  operators  in  manual 
exchanges  must  contribute  to  the  making  of  the  service: 

1.  Prompt  answering. 

2.  Prompt  disconnection. 

3.  Freedom  from  errors  in  connecting  with  the  called  line. 

4.  Promptness  in  connecting  with  the  called  line. 

5.  Courtesy  and  the  use  of  form. 

fi.     Freedom  from  failure  by  busy  lines  and  failure  to  reply. 

7.  Clear  enunciation. 

8.  Team  work. 

It  is  to  be  admitted  that  there  is  some  interrelation  between  these 
elements,  as  for  example,  that  of  the  last  assisting  to  accomplish  the 
first.  It  is  also  to  be  commented  that  in  an  effort  to  determine 
the'quality  of  the  service  made,  many  managers  are  content  if  the 
answering  service  is  prompt.  We  have  long  been  accustomed  to 
hearing  the  quality  of  service  measured  in  terms  as  to  the  number  of 
seconds  required  to  answer  the  subscriber's  signal,  and  if  such  a 
standard  were  sufficient,  exchanges  giving  quick  answering  would  be 
found  to  give  the  best  service  in  other  ways.  Only  a  little  enquiry 
and  service  are  necessary  to  show  that  this  is  rarely  true;  so  that  if 
we  are  to  know  the  real  quality  of  the  service  manufactured,  we 
must  have  more  definite  information  and  it  must  be  such  as  is  col- 
lected by  patient  and  systematic  work. 
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The  l)est  metluKl  of  determining  the  spee<l  of  answering  is  by 
reconling  the  results  of  a  long  series  of  observations  on  actual  calls 
ma<ie  by  the  obser>'ers,  and  making  an  accurate  analysis  of  the 
results.  To  enable  the  performance  of  a  given  operator  to  be 
studied  with  relation  to  the  perfonnance  of  others,  and  in  comparison 
with  a  standard,  the  clearest  and  most  truthful  statement  is  foun<l 
by  divitiing  the  test  calls  u|K)n  that  operator  into  groups,  of  various 
numl)ers  »>f  whole  sec-onds  each,  and  comparing  the  |)en'entages 
of  these  with  the  whole  numU'r  of  tests.  For  example,  assume 
each  of  the  calls  to  a  given  |x>sition  to  have  l>een  answered  in  ten 
.seconds  or  less,  in  which : 

One  hundre<l  |>er  cent  arc  answcre<l  in  ten  seconds  or  less. 

Eighty  j)er  cent  in  eight  seconds  or  less. 

Sixty  per  cent  in  .six  .seconds  or  less. 

It  is  probable  that  a  reasonably  uniform  .ser^•ice  will  show  only 
a  small  {percentage  answered  in  three  seconds  or  under. 

It  is  very  simple  to  draw  these  percentages  in  the  form  of  a 
curve,  and  to  see  at  a  glance  the  value  of  an  operator  with  reference 
to  her  skill  in  pn)mpt  answering,  while  the  averjige  time  of  answer- 
ing and  the  numlier  of  calls  in  the  busiest  lumr  miL'lit  not  iriv:'  any 
such  clearness  of  understanding. 

Prompt  disconnection  where  relay  boards  are  usetl  is  possible 
to  an  Jistonishingly  greater  degree  than  before  the  introduction  of 
lamp  signals.  Observations  made  in  New  York  City  l)efore  the 
in.stallation  of  any  relay  boards  showetl  an  average  time  retjuireil 
to  disconnect  of  over  seventeen  seconds.  Five  years  later,  after 
the  completion  of  a  relay  switchboanl  equipment  throughout 
Manhattan  Island,  the  average  time  taken  to  disconnect  was  .some- 
thing under  three  seconds.  The  excellence  of  relay  apparatus  in 
this  particular  has  le<l  subscril^ers  to  a  larger  traffic,  and  to  the  mak- 
ing of  calls  which  come  close  upon  the  heels  of  one  another.  A  mast 
important  nile  is  that  a  signal  for  disconnection  .shall  be  given 
prompt  attention  either  by  the  operator  who  made  the  connection 
or  by  a  monitor  who  may  l)e  a.ssi.sting;  and  another,  .still  more  im- 
portant, is  that  in  the  case  of  a  Ha.shing  lamp,  indicating  a  recall, 
such  a  signal  shall  \>e  given  prece<lence  over  all  others. 

It  goes  without  saying  that  items  3  an<l  4,  covering  the  prompt- 
ness an<l  accuracy  of  coanecting  with  the  called  line,  are  vital,  and 
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ypt  that  a  larj^e  percentage  of  errors  in  these  elements  miglit  exist 
in  an  exchange  having  a  very  high  average  speed  of  answering  tlie 
originating  call.  Indeed  it  seems  quite  the  rule  that  where  the 
effort  of  the  management  is  devoted  toward  securing  and  maintain- 
ing extreme  speed  of  original  answering,  all  the  other  elements  sufftr 
in  due  proportion. 

As  to  item  5,  it  goes  without  saying,  of  course,  that  operators 
should  he  courteous;  but  it  is  necessary  to  say  it,  and  keep  saying 
it  in  the  most  effective  form,  in  order  to  prevent  human  nature  under 
the  most  exasperating  circumstances  from  lapsing  a  little  from  the 
standard,  however  high.  The  use  of  form  assists  both  the  operators 
and  the  subscribers,  because  in  all  matters  of  strict  .routine  it  is 
much  easier  to  secure  high  speed  and  great  accuracy  by  making  as 
many  as  possible  of  the  operations  automatic.  The  use  of  the  word 
"number"  and  other  well  accepted  formalities  has  assisted  greatly 
in  securing  speed,  clear  understanding,  and  accurate  performance. 
The  simple  expedient  of  spelling  numbers  by  repeating  the  figures 
in  a  detached  form  (as  "1-2-5"  for  125)  has  taught  subscribers  the 
same  expedient,  and  the  percentage  of  possible  error  is  materially 
reduced  by  going  one  step  further  and  having  the  operator,  in  repeat- 
ing, use  always  the  opposite  form  from  that  spoken  by  the  calling 
subscriber. 

The  old  impression  of  the  public  to  the  contrary  notwithstand- 
ing, the  operator  has  no  control  over  the  "busy  line"  and  "don't 
answer' '  situation.  It  is,  however,  of  high  importance  that  the  man- 
agement should  know  by  the  analysis  of  repeated  and  exhaustive 
tests  of  tlie  service,  to  what  extent  these  troubles  are  degrading  it. 
In  addition  to  improving  the  service  by  the  elimination  of  busy  reports, 
there  is  no  means  of  increasing  revenue  which  is  so  easy  and  so  uncer- 
tain as  that  which  comes  from  following  up  the  tabulated  results  of 
busy  calls. 

It  must  be  remembered  that  clear  enunciation  for  telephone 
purposes  is  a  matter  wholly  relative,  and  the  ability  of  an  operator 
in  this  regard  can  be  determined  only  by  a  close  analysis  of  many 
observations  from  the  standpoint  of  a  subscriber.  A  trick  of  speech 
rather  than  a  pleasant  voice  and  an  easy  address  has  made  the 
answering  ability  of  many  an  operator  captivating  to  a  group  of 
.satisfied  subscribars. 
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By  team  work  is  meant  the  ability  of  a  group  of  o()erators, 
seate<I  side  l>y  side,  to  work  together  as  a  unit  in  carinj^  for  the  service 
brought  to  them  by  the  answering-jacks  within  their  reach.  In 
switchlx)ards  of  the  construction  usual  to-<lay,  a  <'all  Ijefore  any  oper- 
ator may  lie  answere<i  by  her,  or  by  the  operator  at  the  right  or  tlie 
one  at  the  left  of  her  position.  In  many  e.xcbanges  this  advantage 
is  wholly  overlooked.  In  the  |)eriod  of  general  re-tlesign  of  central- 
office  etjuipments  about  eight  years  ago,  a  switchl)oard  was  installed 
with  mechanical  visual  signals  and  answering-jacks  on  a  flat  top 
lK>ard,  and  an  arrangement  of  operators  such  that  the  signal  of  any 
call  was  extremely  prominent,  and  in  easy  reach  of  eacJi  one  of  four 
or  possibly  fiv*  operators.  Associated  with  the  line  signals  within 
the  reach  of  such  a  group  was  an  auxiliar>'  lamp  signal  which  would 
light  when  a  call  was  made  by  any  of  the  lines  so  tenninating.  It 
wius  found  that  with  this  arrangement  the  calls  were  answered  in  a 
strictly  even  manner,  special  rushes  being  cared  for  by  the  joint 
efforts  of  the  group  rather  than  serving  to  swamp  the  operator  who 
happened  to  l)e  in  charge  of  the  particular  section  affected  by  the  rush. 

This  principle  has  been  tried  out  in  so  many  ways  that  it  is 
astonishing  that  it  is  not  recognized  as  being  a  vital  one.  The 
whole  matter  is  accomplished  by  impressing  upon  each  operator 
that  it  is  her  duty  not  to  answer  the  calls  of  a  specific  number  of 
lines  before  her,  but  to  answer  with  such  promptness  as  is  f)ossible 
any  call  which  is  within  the  reach  of  her  answering  equipment. 

All  that  is  rec|uired  to  be  known  concerning  the  fonn  of  address 
and  courtesy  may  l>e  learned  by  a  close  observation  of  the  operators* 
work  by  the  chief  operators  an<l  monitors,  and  by  the  use  of  listen- 
ing circuits  permanently  connected  to  the  operators'  sets.  It  is 
naturally  ne<'essar}'  that  the  use  of  these  listening  circuits  by  the 
chief  operator  or  her  assistants  nnist  not  be  known  to  the  operators 
at  the  times  of  use,  even  though  they  may  know  of  the  existence  of 
such  facilities. 

Fig.  1  illustrates  a  simple  schematic  arrangement  of  smh  circuits, 
the  chief  o|H*rator's  svi  l)eing  tnarke<I  CO,  and  the  subscribers  opera- 
tor's set  marked  A.  By  o|)ening  the  ct>ntact  at  the  key  K  as.sociatetl 
with  the  chief  o|MTator's  set,  all  sounds  from  her  transmitter  are  kept 
fniin  thf  listening  cin-uit.  'i'he  fa<t  that  the  primary  winding  of  the 
induction  ct)il  is  in  o|)cn  circuit  while  tliLs  key  is  o|)en,  liK-rc^ises  the 
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impedance  of  the  secondary  of  the  induction  coil  to  a  considerable 
degree.  The  condenser  C  in  series  with  the  listening  circuit  assists 
this  high  impedance  in  keeping  the  current  taken  by  the  listening 
circuit  from  becoming  noticeable  in  the  operator's  set.  If  desired, 
the  condenser  C  may  be  replaced  by  a  high  resistance,  as  R,  With 
such  an  arrangement,  or  one  similar  to  it,  it  is  quite  impossible  for  an 
operator  to  know  when  such  listening-in  occurs. 

For  the  purpose  of  carrying  on  the  routine  tests,  it  is  of  course 
possible  to  have  an  observer  walk  about  the  town,  call  upon  sub- 
scribers, and  make  calls  from  their  telephones.  This  for  many  years 
was  the  accepted  method,  and  it  had  the  real  advantage  of  bringing 
a  representative  of  the  operating  company  into  contact  with  the  sub- 
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Chief  Operator's  Listening  Circuit. 
.       Fig.  1. 

scribers.  Experience  has  shown,  and  good  judgment  indicates,  that 
this  is  not  the  best  way  to  get  good  results.  Visits  upon  the  subscrib- 
ers are  important  and  necessary,  but  ought  to  be  devoted  to  the  pro- 
motion of  acquaintance,  and  to  finding  out  what  needs  the  subscriber 
has  which  remain  unfulfilled,  a,s  well,  of  course,  as  to  promoting  his 
education  in  the  use  of  the  telephone  service.  For  the  making  of  test 
calls  upon  the  operators,  other  expedients  are  available.  If  the  office 
in  which  the  tests  are  to  be  made  is  provided  with  an  incoming  trunk 
switchboard,  Or  even  an  incoming  trunk  position  co-operating  with 
the  tollboard,  a  trunk  may  be  chosen  at  such  a  position  and  devotetl^ 
part  of  the  time  at  least,  to  the  making  of  test  calls.  Wires  should  be 
led  from  this  trunk  plug  to  a  desk  located  outside  of  the  operating 
rcxjm,  and  having  facilities  for  testing  the  called  line  after  the  plug  is 
inserted,  and  listening  upon  it  without  closing  it,  so  as  to  place  a  call 
before  the  operator  if  it  is  not  in  use.     A  condenser  in  series  with  the 
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conductors  will  accomplish  this,  and  a  key  to  short-circuit  that  c-on- 
dcnser  will  place  a  call  when  desirc<l.  A  stop-watch  and  record 
sheets  will  complete  the  wjuipment  for  testing  oripnating  calls. 

It  is  often  necessiiry  to  supervise  the  line  of  a  given  subscriber 
for  a  long  enough  time  to  enable  it  to  Ix*  determined  whether  his  com- 
plaints are  well  founde<l  or  not.  A  service-testing  desk,  or  the  ser>*ice- 
testing  part  of  the  chief  operator's  desk,  should   be  provided  with 
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Chief  Operator's  SupervininK  fin-uit. 
Fig.  2. 

equipment  enabling  every  call  from  such  a  line  to  be  set  in  duplicate 
upon  such  a  position.  Tlie  e(|uipment  also  should  include  means  for 
knowing  when  a  call  is  made  for  such  a  line. 

Fig.  2  illustrates  one  possible  form  of  such  an  arrangement. 
\Mien  it  is  remembered  that  a  plug  in  any  jack  of  the  line  at  the 
switchboiird  pfojXT  will  ojXTJite  the  cut-ofT  relay  C,  and  that  three  of 
the  heavy  dottetl  lines  leaditig  to  the  ser\'ice  testing  set  are  merely 
attached  to  the  line  under  test  at  the  intermediate  distributing  board, 
it  will  l)e  seen  that  all  calls,  whether  incoming  or  outgoing,  may  be 
observe<l,  that  the  operation  and  chanicter  of  the  coiuiection  may 
be  determined  by  listening  with  such  a  set  a^  is  shown  in  Fig.  1. 

All  that  is  re(|uired  is  that  the  signal  at  the  service-testing  desk 
Ik*  such  as  to  resj)on<l  to  (-alls  for  or  calls  from  the  central  office;  and 
with  this  in  mind  it  should  Ix*  found  easy  to  design  similar  and  simple 
circuits  to  co-operate  with  any  form  of  common  l>attery  switchboanl. 
For  observation  upon  magneto  lines,  a  simple  jack  and  bridging  drop 
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are  all  that  are  required,  because  the  signal  to  the  central  office  and 
the  signal  from  it  are  electrically  alike. 

There  are  exchanges  of  considerable  size  in  which  private  branch 
exchanges  have  not  been  installed  to  a  sufficient  number  to  make  that 
phase  of  the  business  a  real  problem  in  itself.  These  exchanges  are 
rapidly  dropping  into  the  minority,  as  it  is  more  and  more  generally 
recognized  that  the  private  branch  exchange  is  a  phase  of  telephone 
working  which  is  equally  essential  to  the  success  of  general  business 
and  the  telephone  traffic  as  well.  In  one  district  of  a  large  city  there 
are  more  operators  working  at  private  branch  exchange  switchboards 
than  are  working  in  the  central  office  which  receives  the  trunk  lines 
from  them.  Some  such  result  is  sure  to  occur  in  every  exchange. 
Because  the  private  branch  exchange  operators  are  not  under  the 
attention  of  skilled  supervisors,  and  often  because  they  have  other 
duties  than  the  care  of  the  small  switchboard  to  perform,  it  is  possible 
for  them  to  degrade  the  general  character  of  telephone  service  in  a 
marked  degree.  At  any  reasonable  sacrifice,  the  duty  of  the  operating 
company  is  clear  in  that  it  should  secure  and  retain  a  fair  degree  of 
control  over  private  branch  exchange  operators,  and  should  co- 
operate with  employers  to  the  fullest  extent  in  the  education  of  the 
local  operator  and  the  principal  users  of  the  local  service. 
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There  are  two  general  inetliods  of  giving  telephone  service  to 
a  connnunity. 

1.  By  what  is  commonly  called  the  "  Manual  "  system,  l>e- 
canse  of  the  fact  that  the  switchboards  employe<l  at  the  central 
office  require  manual  operation. 

2.  By  the  so-called  '•Automatic"  system,  wlierein  the  cen- 
tral office  o|)erator  is  dis{)ensed  with,  switches  being  so  arrange*! 
that  they  will,  without  the  aid  of  human  hands,  perform  the  neces- 
sary act  of  connecting  lines  for  conversation,  and  afterward  discon- 
necting them  at  the  will  of  the  subscril^ers. 

In  the  manual  system  in  its  highest  development,  the  telephone 
user  has  only  to  place  his  receiver  to  his  ear  and  make  his  wants 
known,  the  desired  connection  being  made  at  the  central  office  by 
operators.  This  system  may  be  assumed  to  be  highly  developed, 
as  it  has  been  almost  universally  used  since  the  advent  of  telephony, 
a  period  of  nearly  thirty  years.  The  manual  system,  in  its  present 
form,  represents  the  consecutive  work  of  a  large  number  of  men  in 
a  field  of  the  most  intense  and  constantly  increasing  activity,  all 
thes^  men  striving  for  the  best  possible  means  of  accomplishing  a 
desired  result. 

In  the  automatic  system,  the  central  office  switches  are  gov- 
erned  in  their  movements  by  the  actions  of  the  subscribers  or  users 
who  desire  connections  and  subsequent  disconnections.  The  sub- 
scriber does  his  own  work,  manipulating  the  apjuiratus  l)efore  him 
in  such  a  way  as  to  cause  the  switches  at  the  central  office  to  select, 
connect  with,  and  afterward  disconnect  from,  the  line  of  the  sub- 
8cril)er  desired. 

Tnlike  the  nmnual  sy^stem,  the  automatic  cannot  W*  assume<l 
at  the  present  time  to  have  reached  a  relatively  high  devehipment. 

•Prraent««l  at  tb«  Intvruatlutuil  lL'l«>ctrk-«l  CuDirresit  ot  St.  LwuK  IMM,  by  Kempnter 
B.  BUUer. 
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"While  the  automatic  switchboard  has  been  in  the  minds  of  inventors 
since  the  year  1879,  it  is  not  true  that  it  has  been  put  into  con- 
siderable use  until  very  recently.  Instead,  therefore,  of  its  develop- 
ujent  being  paramount  in  the  minds  of  a  large  nuniber  of  practical 
telephone  workers,  it  has  been  fostered  till  lately  by  but  few  men, 
some  of  whom  were  unfamiliar  broadly  with  the  details  of  the  tele- 
phone business.  With  a  courage  that  must  excite  the  admiration 
of  all,  a  very  few  of  these  men  have  persisted,  and  as  a  result,  the 
telephone  engineer,  the  operator  of  telephone  companies,  and  last 
but  most  important,  the  general  public,  are  confronted  with  what 
I  think  is  the  greatest  problem  that  has  been  recently  before  the 
telephone  world:  The  problem  of  the  automatic  v.  the  manual 
switchboard. 

It  is  not  the  purpose  of  this  paper  to  attempt  to  solve  this 
problem.  The  unequal  degree  of  development  of  the  two  systems 
makes  impossible  a  final  satisfactory  solution  at  the  present  time. 
It  is  rather  to  state  some  of  its  phases  as  they  appear  to  me;  and 
to  make  comment  on  them  w'herever  my  study  of  the  situation  has 
led  to  more  or  less  positive  convictions,  that  this  paper  is  offered. 

A  fundamental  question  affecting  the  entire  problem  is  this: 
Is  it  possible  to  make  a  machine  serve  to  effect  the  electrical  con- 
nection of  any  line,  in  a  large  or  small  group,  with  any  other  line 
in  the  group,  for  the  purpose  of  telephonic  communication,  and 
afterward  to  effect  a  disconnection  when  required?  There  can  be, 
even  at  the  present  early  stage  of  development,  but  one  answer 
to  this  question.  That  it  is.  The  automatic  switchboard  at  Grand 
Eapids,  Mich.,  recently  selected  for  me  100  different  lines  chosen 
at  random  from  among  approximately  5,000  lines  centering  in  that 
office.  Some  of  the  subscribers  called  did  not  respond,  which  will 
occur  in  any  system;  and  some  of  the  lines  were  automatically 
reported  busy,  which  is  to  be  expected;  but  in  no  single  case  was 
the  wrong  line  chosen,  and  in  but  one  case  was  the  disconnection 
inipro[)erly  secured.  The  verdict  of  a  large  number  of  the  sub- 
scribers interviewed  by  me  in  that  city  is  practically  unanimous  to 
the  effect  that  they  uniformly  secure  their  connections  and  discon- 
nections promptly,  accurately  and  satisfactorily. 

I  conclude,  then,  in  view  of  present  achievement,  and  of  that 
future  progress  which  this  must  stimulate  men  to  make,  that  it  is 
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possible  for  the  automatic  switch  to  perform  these  functions  satis* 
factorily. 

If,  then,  the  automatic  switchboard  may  Ix;  made  to  accomplish 
the  commonplace  connection  and  disconnection  of  lines,  which 
forms  the  great  bulk  of  the  work  in  a  telephone  exchange,  is  not 
the  system  so  inflexible  in  its  method  of  operation  as  to  preclude 
the  possibility  of  its  j)erforming  the  great  multitude  of  special 
duties  which,  while  not  constituting  the  main  bulk  of  the  work, 
are  nevertheless  of  constant  occurrence  and  of  hardly  less  im- 
|)ortance  ?  I  refer  to  such  matters  as  toll  connections,  private 
branch  exchange  work,  and  to  a  numlx^r  of  less  important  but 
nevertheless  necessary  class  of  service. 

A  prominent  telephone  engineer  has  recently  remarked  to  the 
effect  that  if  some  of  the  people  enthusiastic  on  the  subject  of 
automatic  switching  in  telephone  exchanges  were  to  visit  the  school 
for  telephone  operators  maintained  by  the  New  York  Telephone 
Company,  they  would  be  discouraged  in  their  efforts,  as  no  machine 
could  ever  be  made  to  perform  the  many  and  varied  functions  that 
it  was  necessary  to  teach  these  young  ladies  before  they  became 
proficient  telephone  operators.  This  seems  to  be  a  statement  that 
has  very  little  to  do  with  the  real  automatic  problem.  It  should 
ne/er  l)e  required  that  the  machine  shall  do  the  same  work  that  is 
required  of  the  girl,  nor  do  it  in  the  same  way.  That  is  manifestly 
impossible,  for  no  machine  can  ever  be  endowed  with  intelligence. 
(It  may  Ihj  that  some  will  say  that  there  are  some  telephone  girls 
similarly  affected.)  Since  the  very  reason  for  the  existence  of  the 
automatic  exchange  is  to  do  away  largely  with  the  operator,  it 
follows  logically  that  whatever  intelligence  is  to  l)e  applied  to  the 
making  of  the  ordinary  connection  between  two  lines  shall  be 
that  with  which  the  'subscrilx^r  desiring  to  make  the  connection 
is  endowed.  Here  is  a  fundamental  difference  between  the  two 
systems  which  must  always  lead  to  different  modes  of  o|)eration. 

The  real  functions  that  the  automatic  switchlKmrd  should  U> 
requireil  to  do  automatically  are  those  relating  to  the  oniinary 
routine  work  of  connecting  and  disconnecting  subscriliers'  lines 
under  the  control  of  the  calling  subscril>er.  When  some  act  need- 
ing  intelligence  at  the  central  otMce  is  required,  then  let  an  operator 
supplement  the  work  of  the  machine.     To  condemn  the  automatic 
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switch  because  it  will  not  perform  all  of  the  special  requirements 
without  the  aid  of  human  intelligence  is  just  as  unfair  as  to  con- 
demn as  valueless  a  linotype  machine  because  it  cannot  digest 
one  of  Steinmetz'  equations.  My  mind  has  gradually  changed  upon 
this  point  until  the  doubt  now  exists  as  to  whether  the  automatic 
system,  wisely  supplemented  by  operators,  is  not  even  more  flexible 
than  the  manual.  It  is  the  ease  with  which  the  personality  of  the 
operator  may  be  introduced  into  the  automatic  system  as  a  whole, 
and  also  the  ease  with  which  certain  of  the  purely  automatic 
functions  may  be  varied  by  mere  changes  in  the  circuit,  or  in  the 
mechanical  relation  of  the  parts,  that  make  this  doubt  exist. 

Of  course,  there  are  many  problemsconcerningtraflic and  service 
that  are  yet  to  be  worked  out  for  the  automatic  system,  but  ap- 
parently the  longer  one  studies  the  automatic  problem  the  more 
nearly  he  becomes  convinced  that  the  automatic  system  is  suffi- 
ciently flexible,  with  the  interjection  of  human  intelligence  when 
necessary,  to  make  possible  the  solution  of  practically  all  of  the 
])roblems  of  service. 

So  far  as  I  am  aware,  the  selective  signal  party  line  working 
has  never  been  accomplished  commercially  with  automatic  systems. 
I  believe  that  the  reason  for  this  is  solely  the  fact  that  automatic 
telephony  is  yet  new.  I  have  recently  seen  a  plan  whereby  any 
ordinary  nuujber  of  stations  can  be  selectively  operated  on  a  party 
line  with  practically  no  other  added  complication  either  at  the 
central  office  or  at  the  subscribers'  stations,  than  that  which  is 
added  to  the  apparatus  of  an  individual  line  manual  system,  to 
adapt  it  to  the  same  class  of  party  line  work.  I  can  say,  therefore, 
that  the  solution  of  the  party  line  problem,  while  not  yet  reached  to 
the  extent  of  being  actually  introduced  into  commercial  use,  is 
entirely  feasible  and  will  not  be  one  of  the  controlling  factors  in 
solution  of  the  problem:  automatic  v,  manual. 

I  have  looked  into  the  subject  enough  to  believe  that  the  same 
thing  that  is  true  of  the  party  line  problem  is  true  of  the  common 
battery  problem,  and  also  of  the  measured  service  problem,  whether 
the  measuring  of  the  service  is  accomplished  by  collecting  coins 
or  tokens  at  the  subscribers'  stations,  or  by  oj)erating  counting 
devices  ether  at  the  sub-stations  or  at  the  central  office.  There 
is  undoubtedly  a  vast  amount  of  work  yet  necessary  Ixjfore  they 
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are  eonimercially  ineor|)oratKl  in  working  apfMratus  in  an  entirely 
satiBfactory  manner.      I   merely  say  that  my  Btndy  lias  shown  nie 
that  no  inHUrniountHhlo  obstacles  exist  that  would  prevent  the  sue 
cessful  establisiiment  of  ]mrty  liiM>,  eonimon  hattery  and  nieasure^l 
service  working. 

Tliese  statements  do  not  greatly  help  the  man  wlio  is  to-day 
casting  about  in  making  a  choice  between  the  automatic  or  the 
manual  system  for  present  use.  It  is  not,  however,  with  the  pres- 
ent alone  tliat  we  are  concenunl.  We  must  plan  and  build  for  the 
future;  and  the  remarks  just  made  are  given  merely  as  little  bits 
of  contributory  evidence  as  to  what  developments  may  l>e  ex|>ecte*l 
in  the  future. 

Having  seen  that  the  thing  is  ])083ible,  that  it  seems  from  a 
technical  standpoint  to  \>e  able  to  do  what  is  wanteil,  another  ques- 
tion is:     Do  the  subscriljers  like  it? 

The  evidence  all  seems  to  point  in  one  direction.  They  do. 
At  (irand  Tiapids,  Mich.,  05  y)er  cent  of  a  large  numl)er  of  sub- 
scril)ers  interviewed  by  me  liked  it  better  than  common  battery 
manual  service;  4  })er  cent  did  not  care  much  one  way  or  the  other, 
and  1  per  cent  liked  the  manual  system  better.  At  Fall  River, 
Mass.,  where  the  system  has  been  in  use  for  a  much  longer  j)erio<J, 
the  verdict  was  quite  the  same  in  effect.  Evidence  from  other 
cities  where  automatic  service  is  being  tried  seems  to  agree.  It 
muHt  be  said  in  fairness,  however,  that  at  Grand  Ilapids,  the  mass 
of  subscribers  is  leavened  by  the  presence  of  a  large  numlx?r  of 
stockholders  in  the  local  comj)any.  Again,  there  is  in  that  city 
much  civic  pride  in  the  system.  Telephone  people  come  from  all 
parts  of  the  country  to  insj)ect  the  plant.  Still  again,  the  delight 
of  the  subscribers  may  l)e  similar  to  that  of  a  child  with  a  new 
toy,  but  this  can  hardly  l>e  true,  because  of  the  fact  that  the  ex- 
change at  Grand  liapids  has  been  in  service  for  a  period  of  nearly 
nine  months,  and  is  carrying  a  very  large  business  load,  so  that 
if  the  |>t»ople  were  not  actually  getting  satisfaction,  they  would 
probably  know  it  The  new  toy  idea  is  also  ap()arently  disproven 
by  the  condition  at  Fall  River  and  New  Bedford,  where  the  service 
has  been  maintaine<l  for  several  years,  and  seems  to  be  much  liked. 

The  question  also  naturally  arises:  Is  not  the  automatic  switch - 
hoard  and  necessary  subscrilM^rs*  mechanism  too  complex  to  be 
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maintained  in  proper  working  order  without  undue  cost?  It  is 
perhaps  too  early  to  decide  this  question.  There  is  not  enough 
evidence  one  way  or  the  other.  Judging  from  the  past,  however, 
the  tendency  of  the  industrial  achievement  seems  to  be  to  dothinge 
automatically.  As  examples,  take  the  arts  of  printing,  of  weaving, 
and  use  of  automatic  machine  tools. 

Summing  up,  therefore,  the  statements  already  made,  the  auto- 
matic system  is  not  only  a  jx)8sibility,  but  is  actually  here.  With 
the  interjection  of  human  intelligence  to  supplement  it  in  per- 
forming certain  functions,  it  seems  to  be  as  flexible  as  the  manual. 
Party  line,  common  battery,  and  measured  service  working,  while 
not  yet  achieved  commercially,  so  far  as  I  am  aware,  seem  to  be 
well  within  the  grasp  of  those  who  are  doing  the  development 
work.  The  public  seems  to  like  it,  and  we  do  not  know  whether 
it  is  too  complex  or  not. 

It  will  be  noted  from  the  foregoing  that  the  idea  of  having  the 
central  office  apparatus  perform  all  the  phases  of  telephone  service 
is  apparently  not  tenable.  Many  of  those  who  have  advocated  it 
in  the  past  have  abandoned  it,  and  are  introducing  human  aid  in 
the  performance  of  some  of  the  functions.  This  being  true,  a 
certain  number  of  operators  will  be,  and  are,  needed  in  autouiatic 
exchanges.  This  tends  to  destroy  in  some  degree  the  primary 
object  of  the  automatic  system  —  the  doing  away  with  operators. 
We  have  seen  uiany  papers  bearing  on  each  side  of  this  question, 
to  the  effect  that  the  salaries  of  the  operators  were  or  were  not  to 
be  eliminated;  that  retiring-rooms,  matrons,  operators'  luncheons, 
etc.,  were  or  were  not  to  be  done  away  with.  These  items  of  ex- 
pense will  probably  exist  to  some  degree  in  all  large  automatic 
exchanges.  That  they  will  be  greatly  reduced  is  without  question, 
but  whether  or  not  they  are  reduced  to  such  an  extent  as  to  offset 
other  sources  of  expense  introduced  by  the  employment  of  auto- 
matic apparatus  is  a  problem  yet  to  be  solved. 

What  are  some  of  these  sources  of  expense  that  tend  to  offset 
the  reduction  in  operators'  salaries  and  expenses  coincident  there- 
with? Taking  the  system  as  a  whole,  we  find  that  the  present 
automatic  system  is  considerably  higher  in  first  cost  than  the 
manual  system,  and  assuming  that  interest  and  depreciation  are  at 
the  same  rate  in  each  case,  this  shows  to  considerable  disadvantage 
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against  the  aiitoinatie  svstein  in  the  annual  charges  due  to  these 
items  alone. 

For  an  exchange  of  o.CMK)  lines  served  by  one  office,  the  cost  of 
automatic  equipment  including  telephones  may  In*  taken  at  $35.00 
for  each  individual  line.  In  manually  o{)erated  exchanges  thecor- 
re8j)onding  cost  is  not  far  from  $25.00  |H'r  line.  The  difference 
btvomes  greater,  that  is,  more  in  favor  of  manual,  for  smaller 
offices,  and  smaller  or  less  favorable  to  the  manual  in  larger  offices. 

Whether  or  not  the  deprtn^iation  on  automatic  ap})aratus  should 
be  taken  at  a  higher  rate  than  that  on  the  manual  is  a  question 
that  we  have  not  at  present  sufficietit  data  or  information  to 
determine.  It  is  true  that  in  the  present  manual  8witchl)oard  the 
Hexible  cord  nuisance  fonnd  in  all  ])re8eiit  forms  of  manual  switcli- 
lM)ard  ap|)aratus  is  largely  eliminated.  It  is  also  true  that  the 
automatic  apjmratus  is  more  complicated,  and  requires  greater 
care  in  its  maintenance;  but  whether,  if  both  systems  are  main- 
tained with  reasonable  care,  the  automatic  will  show  a  much 
greater  rate  of  depreciation  than  the  manual,  I  am  not  at  all 
certain.  Much  of  the  depreciation  in  manual  telephone  apparatus 
is  due,  not  to  the  fact  that  the  apparatus  wears  out,  but  rather  to 
the  fact  that  the  apparatus  is  rendered  obsolete  by  new  inventions. 
That  the  same  will  l>e  true  in  the  case  of  automatic  apparatus  can- 
not be  doubted,  but  it  is  a  good  point  to  bear  in  mind  that  if 
telephonic  development  should  point  toward  automatic  apparatus 
to  the  exclusion  of  manual,  and  should  prove  the  sujieriority  of 
automatic,  then  the  highest  develo|)ed  and  newest  manual  ap{>aratus 
will  depreciate  greatly  in  value  by  that  fact  alone.  It  does  not  seem 
unreasonable,  therefore,  to  place  the  rate  of  depreciation  on  both 
manual  and  automatic  apparatus  at  al)out  the  same  figure. 

In  })oint  of  maintenance  the  advantage  must  be  conceded  to  the 
manual.  Tliis  is  certainly  true  at  present  with  regard  to  lx)th  the 
central  office  and  the  subscrilwr's  station  ap{)aratus.  No  goo<l 
reason  is  ap])arent  why  it  should  not  always  be  true.  Automatic 
ap|>aratus  is  especiallyat  a  disadvantage  at  the  subscribers*  stations 
and  it  is  really  at  this  pr>int  that  the  automatic  system  seems  to 
involve  a  poor  engineering  feature.  The  tendency  of  telephone 
development  in  regard  to  sub-station  apparatus  has  been  until 
lately  along  what  seemed  to  be  unquestionably  good  engineering 
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lines.  The  sub-station  a})paratU8  lias  been  gradually  sini])lified, 
the  battery  has  been  removed,  as  has  also  the  magneto  generator, 
and  the  instrument  has  been  reduced  to  the  simplest  fundamental 
parts. 

Automatic  telephony  as  at  present  developed  for  large  work  takes 
a  step  backward  by  reintroducing  the  local  battery.  That  this  is 
disadvantageous  no  one  can  deny,  but  on  the  other  hand  it  must 
l>e  pointed  out  that  the  disadvantage  is  by  no  means  as  great  as 
it  would  have  been  several  years  ago  because  of  the  fact  that  dry 
batteries  have  recently  come  into  almost  universal  use  for  this 
kind  of  work  and  are  far  superior,  all  things  considered,  to  any- 
thin  tj  heretofore  available. 

Tlie  disadvantage  of  local  batteries,  while  mitigated,  is  still 
present,  and  is  real;  but,  taking  the  automatic  system  as  we  have 
reason  to  believe  it  will  exist  in  the  future  with  no  local  batteries, 
it  will  still  possess,  as  far  as  we  are  able  to  see,  a  more  or  less 
complicated  imj)ulse  transmitting  device,  by  means  of  which  the 
subscriber  will  be  able  to  direct  the  movements  of  the  switches  at 
the  central  office.  Complexity  not  only  of  mechanism,  but  of 
function,  is  thus  introduced  at  the  subscriber's  instrument,  and 
this  seems  to  be  an  inherent  disadvantage  to  all  present  schemes 
of  automatic  exchange  working.  This,  of  course,  is  another  factor 
that  must  be  weighed  in  considering  the  relative  economies  of 
the  two  proposed  methods. 

There  is  a  point  that  I  have  not  yet  seen  mentioned  in  print, 
which  under  certain  cases  seems  to  be  of  great  importance.  This 
is  the  matter  of  trunking  between  two  or  more  automatic  offices 
in  such  cities  or  communities  as  naturally  demand,  by  the  distribu- 
tion of  their  subscribers,  more  than  one  office.  It  is  true  that  the 
present  automatic  switchboard  seems  to  be  capable  of  properly 
handling  this  condition  if  the  requisite  number  of  trunk  lines 
between  the  two  offices  are  provided.  At  first  thought  it  seems  that 
the  number  of  trunks  required  between  offices  for  a  given  amount 
of  traffic  might  be  somewhat  less  in  the  case  of  the  automatic  than 
in  the  case  of  the  manual  system,  on  account  of  the  immediate 
disconnection  and  release  of  the  trunks,  in  the  automatic,  upon 
the  hanging  up  of  the  receiver  of  the  calling  subscriber.  Further 
consideration,  however,  will  show  that  there  is  very  little  difference 


> 


UNIT    TYPE    SWITCHBOARD    MAGNETO    CALL     100    LINES-REAR    VIEW 

North  Electric  Co. 


TELEPHONE  EXCHANGES  9 

In  the  time  the  trunk  is  held  busy  in  the  two  Bystenis,  the  length 
of  actnal  conversation  being  assumed  to  be  the  same  in  each  case. 
The  reason  for  this  is  that,  while  the  automatic  gains  in  this  respect 
in  the  release,  it  loses  something  in  the  making  of  the  cx)nnection, 
because  in  the  case  of  the  automatic  the  trunk  is  selected  with  the 
first  movementof  the  dial  by  the  sub8C'ril)er,  and  tlu^  length  of  time 
that  the  trunk  is  held  busy,  therefore,  must  in  the  case  of  the 
automatic  include  the  time  during  which  the  subscriber  is  setting 
up  his  own  connection;  whereas,  in  manual  boards  a  tnink  line 
begins  to  he  busy  at  the  time  when  the  /i  operator  picks  up  the  in- 
coming trunk  and  designates  its  ijuml)er  to  the  .1  of)erator. 

So  far  there  seems  to  be  little  difference  between  the  systems  In 
this  respect. 

The  bearing  on  the  trunking  problems  of  the  relative  efficien- 
cies of  different  sized  groups  of  trunks  between  offices  does  not, 
however,  seem  to  have  been  considered  by  many  in  considering  the 
question  of  automatic  v.  manual  exchanges.  AVhen  sufficient  trunks 
are  provided  l)etween  offices  to  handle  business  on  the  so-called 
"  no  delay  "  basis,  it  is  known  that  a  large  group  of  trunks  will 
handle  very  much  more  business  per  trunk  line  than  a  small  group. 
For  instance,  when  there  are  only  10  tninks  in  a  group  between 
offices,  it  is  a  well -e8tal)li shed  fact  that  slightly  less  than  80  calls 
per  trunk  jwr  day  may  be  handled.  If,  however,  the  group  is  in- 
creased to  100  trunks,  as  many  as  145  calls  per  trunk  per  day  may 
be  handled.  This  is  an  increase  of  considerably  over  80  per  cent 
in  actual  trunk  efficiency.  In  the  j)resent  automatic  system,  group 
the  trunks  as  you  may,  it  is  inherently  true  that  the  efficiency  of 
the  tiunks  is  reduced  to  that  of  a  group  of  10.  I  do  not  mean  by 
this  that  it  is  not  fX)ssible  to  place  as  many  trunks  hs  desired  l)e- 
tween  any  two  offices,  but  that  any  subscriber  has  access  to  10 
trunks  only  in  order  to  secure  a  connection  to  any  other  office.  It 
is  true  that  some  other  subscril^er  may  have  access  to  another  10. 
or  to  the  same  10,  but  no  one  subscriber  can  reach  more  than  10. 
This  seems  to  be  a  grave  objection  to  the  use  of  automatic  systems 
as  at  present  developed,  in  those  communities  where  several  offices 
must  be  employed  and  where  traffic  is  such  as  to  demand  a  large 
number  of  trunks  between  offices.  The  remedy  to  this  is  obviously 
that  of  giving  the  subscriber  the  chance  to  select  his  trunks  from 
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larger  groiii)8.  Tliis,  I  take  it,  is  one  of  the  problems  that  need 
serious  consideration  in  adapting  the  automatic  system  to  very  large 
communities.     It  does  not  enter  seriously  in  single  office  work. 

In  all  that  I  have  said  I  have  attempted  to  take  the  very  prac- 
tical view  of  the  engineer,  and  fundamentally  that  view  must 
always  comjiare  systems  with  the  intent  of  selecting  a  means  of 
doing  what  is  required  well  enough  for  the  smallest  price.  From 
the  strictly  engineering  view  one  does  not  take  into  account  relative 
popularities  of  mere  ways  of  accomplishing  results.  But  this  is 
necessary  in  such  a  case  as  this,  for  there  are  features  of  the  auto- 
matic system  which  may  make  it  so  popular  as  to  force  upon  the 
owners  or  prospective  owners  of  telephone  industries  a  serious  con- 
sideration of  the  doctrine  of  expediency.  This  is  by  no  means  the 
least  of  the  important  things  to  consider. 

I  expect  to  be  criticized  because  I  have  not  solved  the  prob- 
lem. It  cannot  now  be  solved  any  more  than  the  question  of  alter- 
nating V,  direct-current  transmission  could  be  decided  when  we 
first  were  lirought  m  realize  that  there  was  an  alternating  v.  direct- 
current  transmission  problem.  My  object  has  been  to  state  the 
problem  as  I  see  it,  and  I  hope  that  in  doing  this,  something  may 
have  been  accomplished  toward  clarifying  it. 

Kempsteb  B.  Miller. 
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The  telegraphone  is  an  electro-mechanical  device  which  records 
the  human  voice,  music,  or  other  sounds  on  a  thin  steel  disc  or  on  a 
fine  steel  wire,  and  then  repHxiuces  these  as  perfectly  as  a  telephone — 
a  result  that  is  im|x)ssihle  with  the  phonograph  or  graphophone. 

The  invention  of  this  new  instrument  is  due  to  the  researches 
of  Vladimir  Poulsen  of  Copenhagen,  Denmark,  who,  while  experi- 
menting with  a  telephone  alxjut  IIKX).  disctnered  a  new  principle  in 
electromagnetism  which  seemed  to  offer  a  complete  solution  of  the 
difficult  problem  of  reproducing  sound. 

This  principle  is  the  localization  of  magnrii.fvi;  and  its  action, 
as  well  as  the  apparatus  employed,  will  be  readily  understood  by 
referring  to  Fig.  1,  in  which  £  is  an  electromagnet  of  small  dimensions 


Fig.  1.    Illustrating  the  Principle  of  the  Telegraphone. 

inserted  in  a  telephone  circuit  including  a  battery  B,  telephone  trans- 
mitter M,  and  receiver  T.  The  poles  of  the  electromagnet  are 
sepanitcnl  by  a  space  large  enough  to  permit  the  steel  wire  a  h  to  pass. 
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Steel  piano-wire  is  employed,  having  a  diameter  of  ^^V  to  t^jj 
inch;  and  this  is  drawn  forward  between  the  poles  of  the  magnet  so 
that  the  successive  portions  of  the  wire  advance  at  the  rate  of  7  or 
8  feet  per  second.  The  early  type  of  apparatus  resembled  an  ordinary 
phonograph  in  which  the  wire  a  b  replaced  the  wax  cylinder,  and  the 
magnet  between  the  poles,  the  stylus. 


Fig.  2.    Early  Model  of  Telegraphone,  Wire  Type. 

The  sound  is  recorded  by  speaking  into  a  transmitter  either 
near  at  hand  or  located  at  any  distance  over  which  the  telephone  is 
capable  of  working.  The  electric  impulses  thus  set  up  in  the  circuit 
cause  the  current  in  the  coils  surrounding  the  core  of  the  electro- 
magnet to  vary  in  strength;  and  consequently  the  magnetic  flux 
between  the  poles  undergoes  a  series  of  variations 
corresponding  to  the  original  sound  waves. 

These  magnetic  forces  act  in  turn  upon  the  steel 
wire  as  it  travels  in  front  of  the  poles,  and  magnetize 
it  transversely.  Each  part  of  the  steel  wire  retains 
its  magnetization,  the  strength  of  which  depends  upon  the  force 
developed  at  a  given  instant.  The  magnetic  record  upon  the  wire 
corresponds,  therefore,  exactly  to  the  original  sound  waves. 

After  the  record  has  been  made,  it  can  be  reproduced  at  any 
time.  To  do  this,  it  is  only  necessary  to  connect  the  receiver  to  the 
terminals  of  the  electromagnet,  and  to  cause  the  wire  to  pass  again 
between  the  poles  of  the  electromagnet  in  the  same  direction  and  at 
approximately  the  same  speed  as  before.    As  the  magnetic  strength 


Pig.  3.  Section 
of  Electromag- 
net and  Wire. 
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varies  from  point  to  point,  the  movement  of  the  uire,  between  the 
poles  causes  a  variation  in  the  magnetic  flux  and  sets  up  a  series  of 
undulating  currents  in  the  circuit,   the  wave-form  being  precisely 


Fig.  4     Disc  Type  of  IV Uvraphont-.  with  Cabinet. 

the  same  as  in  the  first  instance,  and  the  sound  reprixlucrd  in  the 
telephone  receiver  exactly  like  the  original. 

The  magnetic  inscription  will  remain  intact  for  many  months  if 
dcsircil;  or  it  may  Ik.*  ctTaci'd  in  an  instant  by  {Ntssing  a  .stn>ngcr 
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magnet  over  the  disc  or  the  wire,  whereupon  the  inequalities  of 
the  remanent  magnetism  are,  as  it  were,  planed  off.  This  process 
may  be  accomplished  while  the  disc  or  wire  is  being  used  for  another 
recortl,  and  it  causes  no  inconvenience  or  delay. 

Wire  and  Disc  Types  of  Machines.  The  first  type  of  telegraphone 
completed  for  commercial  use  was  exhibited  in  the  Danish  section 
at  the  Paris  Exposition  of  1900.  In  the  model  illustrated  in  Fig. 
2,  a  steel  wire  .01  inch  in  diameter  was  wound  spirally  with  380 
turns  around  a  cylinder  15  inches  in  length  and  5  inches  in  diameter. 
Fig.  3  represents  a  small  electromagnet,  full  size,  the  axes  of  the  two 
coils  forming  an  acute  angle  so  as  to  embrace  the  wire  /  at  right 
angles  to  its  length. 

In  Fig.  2,  it  will  be  observed,  the  electromagnet  E  is  supported 
by  a  small  carriage  c  which,  at  the  end  of  its  normal  travel,  will  be 
arrested  by  a  stop  T;  at  this  moment  a  screw  W  engages  it  and 
brings  it  back  to  its  starting  point.  The  normal  duration  of  the 
travel  of  the  carriage  is  50  seconds;  the  electromagnet  and  the 
cylinder  are  set  in  motion  by  means  of  a  0.6  horse-power  motor. 

The  range  of  this  type  was  so  limited  that  the  inventor  devised 
a  modified  form  using  a  disc  instead  of  the  spirally  wound  wire.  This 
is  shown  complete  in  Fig.  4.  The  principles  of  this  telegraphone, 
however,  remain  unchanged,  for  in  this  instrument,  as  well  as  in 
those  which  preceded  and  have  since  followed  it,  each  molecule  of 
the  steel  surface  is  locally  magnetized  to  an  extent  corresponding 
with  the  current  variations  set  up  by  the  voice  in  the  speaking  circuit. 
In  its  mode  of  operation  this  instrument  resembled  the  ordinary 
gramophone  in  appearance.  The  reproduction  lacks  the  full  loud- 
ness of  the  latter;  but,  on  the  other  hand,  the  articulation  is  per- 
fectly distinct,  and  entirely  free  from  the  nasal  and  scratching  sounds 
emitted  by  the  ordinary  phonograph — which  result  is  explained  by 
the  fact  that  there  are  no  accessory  vibrations  set  up  by  the  friction 
of  a  stylus  upon  the  wax  as  in  the  last-named  instrument. 

The  steel  disc  which  receives  the  message  is  about  5  inches  in 
diameter,  and  is  secured  to  a  rotating  plate  by  a  milled  nut.  As 
the  disc  "rotates,  the  magnet  and  coil,  which  are  held  in  a  carrier,  are 
gradually  moved  toward  the  center  of  the  disc,  by  a  micrometer 
screw,  the  speed  of  rotation  being  increased  as  the  magnet  approaches 
the  center  of  the  disc,  so  that  the  latter  rotates  beneath  the  magnet 
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with  a  constant  linear  velocity  of  about  1.5  feet  per  second.  In 
place  of  the  pair  of  magnets  with  two  coils,  which  characterized  the 
earlier  machines,  a  straight  magnet  brought  to  a  sharp  point  b 
employed ;  this  can  be  lifted  out  and  renewed,  the  coil  being  imlxxlded 
in  an  insulating  composition  and  held  in  a  small  ebonite  cylinder. 
The  record  can  easily  Ix'  erased  by  passing  a  bar  magnet  over  the  disc. 
Still  another  type  of  instniment  has  been  designed,  in  which  a 
steel  piano-wire  is  used.     In  this  type,  which  is  illustrated  in  Fig.  5, 


Pig.  5.    wire  Type  of  Telegraphone.    Indicator  at  left. 

the  wire  is  wound  off  one  reel  onto  another  between  two  magnet- 
poles,  by  means  of  an  electric  motor  contained  in  the  l)ase  of  the 
instrument.  The  speed  is  alx)Ut  10  feet  per  second,  and  enough  wire 
is  carried  on  the  reels  to  make  a  record  7,00()  wortls  in  length.  Should 
only  a  part  of  the  record  be  used  at  a  time,  the  Ux-ation  of  the  used 
portion  is  note<l  by  an  indicator  finger  which  rotates  at  a  speetl  ei{ual 
to  that  of  the  n*els. 

In  this  instrument  three  pairs  of  magnets  and  coils  are  employed, 
these  lx>ing  similar  to  the  straight  magnets  uswl  in  the  disc  machine. 
Xwo  of  the  pairs  of  magneta  nrv  placed  horizontally,  one  on  each  side 
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of  the  wire,  which  serve  for  erasing  records  and  demagnetizing  the 
wire,  while  the  sounds  are  recorded  by  the  middle  pair  of  magnets. 
As  the  wire  is  reeled  off,  the  magnet  carrier  travels  forth  and  back, 
holding  and  guiding  it  on  and  off  the  reels. 

By  means  of  a  push-button  switch  on  the  indicator,  the  motor 
can  be  reversed  and  one  of  the  pairs  of  erasing  magnets  energized ; 
if  the  wire  is  passing  from  right  to  left,  the  right-hand  pair  of  magnets 
receives  the  current,  and  any  previous  record  that  may  have  been 
imposed  on  the  wire  is  completely  removed.  A  new  record  can  then  be 
made,  and  this  can  be  heard  by  removing  the  transmitter  and  using 

in  its  stead  the 
telephone  receiver. 
The  wire  can  be 
run  back  to  any 
point,  so  that  the 
instrument .  can  be 
made  to  repeat  any 
part  of  the  record. 
The  second  pair  of 
magnets  serve  the 
purpose  of  enabling 
the  wire  to  record  a 
message  while  it  is 
being  reeled  off 
from  right  to  left,  or  vice  versa;  and  the  erasing  magnets  on  the  right 
or  left  are  connected  up — when  the  transmitter  and  the  receiver  are 
not  in  use — according  to  the  position  of  the  reversing  switch  for 
the  motor.  It  is  a  singular  fact  that,  although  the  turns  of  wire 
are  packed  closely  together  on  the  reels,  no  demagnetizing  effect  is  to 
be  ol)serve<l,  nor  is  the  record  in  any  way  impaired.  The  new  wire 
instrument  leaves  nothing  to  be  desired,  for  the  articulation  is  perfect. 
Applications.  The  telegraphone  has  some  very  interesting 
applications.  A  most  striking  one  is  the  simultaneous  transmission 
by  telephone  of  a  sjieech,  lecture,  music,  news  of  the  day,  etc.,  to  any 
number  of  subscribers,  up  to  as  many  as  a  thousand  if  desired.  The 
arrangement  for  this  purpose  is  shown  in  Fig.  G,  where  A  and  B  are 
two  parallel  horizontal  pulleys  in  alignment,  over  which  runs  an 
endless  steel  ribbon  R;  Ei  and  Ee  are  two  electromagnets  oppositely 


Fig.  6.    Arrangement  for  Multiplex  Transmission  of 
Telegraptaonic  Messages. 
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disposed  in  symmetrical  positions.  The  first  of  these  ma^ets 
inseriU's  and  the  hitter  cffaees  the  reeonled  sounds.  Between  the 
two  an'  interjK)sed  amy  niinilMT  of  electmmapiiets  /C,  conneetwl  with 
inde|K'n(hiit  telephone  eir<uits. 

AnotluT  praeticid  ap|i]ieation  of  the  tele^iplione  is  found  in  its 
combination  with  the  telephone.  In  this  ea.se  it  will  reeoni  verlml 
coinmunicatious  even  when  the  suKscrilnT  is  aksent,  which  can  Ijc 
re|K*ated  when  he  arrives.  The 
apjMiratus  employe<l  for  this  pur- 
pose comprises  a  spring  motor 
mechanism  for  rotating  the  re- 
volving jMirts.  An  inverted  V- 
shaptnl  frame  (Fig.  7)  made  of 
tubing,  has  its  ends  connected  by 
an  arm  c'  mounted  to  tum  on  a 
sprindle  c.  The  upper  end  of  the 
U  has  a  l)earing  at  the  mid<lle 
of  the  frame,  by  means  of  a  short 
stud,  whicii  passes  thnnigii  tlie 
U  and  enters  the  frame  b.  The 
rotary  motion  is  imparte<l  to  the 
U  by  the  motor  mechanism.  A 
fixed  ring  4.S,  carrying  two  an- 
nular electrical  contacts  49  on 
its  upper  surface,  is  arrange<l  im- 
me<liately  l>eIow  the  arm  <•';  and 

the  arm  is  provided  with  a  spring  pin  adapted  to  Ik*  forced  into 
connection  with  both  of  the  electrical  contacts  for  the  purpose  of 
electrically  connecting  them  together. 

On  the  surface  t)f  tiie  cylin<ler  d  is  wound  the  steel  wire  g.  On 
one  of  the  arms  of  the  U  is  placed  a  .sleeve  /  arrange<l  to  slide  freely 
up  and  down  on  the  U-frame;  this  sleeve  has  pivoted  to  it  a  magnet- 
holder,  and  this  in  tum  is  provided  with  a  tail-piece,  which  is  nor- 
mally pressetl  upon  by  a  spring  tending  to  force  the  poles  of  the  magnet 
out  of  contact  with  the  wire  g.  \Mien  the  U  rotates,  it  carries  the 
drum  17  with  it;  but,  owing  to  the  action  of  the  bnike  IS  and  the 
rings  Hi,  then*  will  1k'  a  certain  amount  of  lagging  on  the  part  of  the 
drum  which  will  be  permitted  by  the  twisting  of  tlie  >\'ires  15.    The 


Fig.  7.    Telephone  Messano  Recorder. 
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brake  is  released  by  the  electromagnet  10  in  circuit  with  the  battery 
E  and  a  cut-out  14  attached  to  the  frame  b. 

The  operation  of  this  apparatus  in  circuit  with  a  telephone  is 
as  follows:  Let  it  be  assumed  that  speech  or  signals  are  being  trans- 
mitted electrically  over  the  circuit  containing  the  magnet;  that  the 
sleeve  is  at  the  lower  end  of  the  U;  and  that  the  machine  is  started 
l)y  closing  the  circuit  of  the  magnet  10.  Under  these  conditions,  the 
U  will  immediately  begin  to  rotate  around  the  cylinder.  When  the 
speed  is  great  enough,  centrifugal  force,  acting  on  the  weight  p,  will 
cause  the  core  of  the  magnet  to  be  thrown  into  contact  with  the  wire 
g,  when  the  sleeve  will  be  caused  to  slide  upwani  upon  the  U,  because 
of  the  spiral  winding  of  the  wire  on  the  cylinder.     At  the  same  time 
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Fig.  8.    Connections  of  the  Telegraphone  In  a  Telephone  Circuit. 

the  undulations  of  current  in  the  circuit  of  the  magnet  will  vary  the 
magnetic  inten.sity-of  the  latter,  thus  imparting  to  it  a  record. 

The  message  may  continue  until  the  sleeve  reaches  the  elevation 
of  the  cut-out,  when  the  finger  on  the  sleeve  strikes  the  cut-out  and 
swings  it  to  one  side,  thus  opening  the  circuit  of  the  magnet  10. 

To  reproduce  the  message  which  has  thus  been  recorded,  it  is 
only  necessary  to  put  a  telephone  receiver  into  circuit  with  the  mag- 
net, Instead  of  the  telephone  transmitter,  and  start  the  machine 
again,  when  the  sleeve  will  travel  upon  the  U,  and  the  poles  of  the 
magnet  will  traverse  the  wire  g. 

The  connections  of  a  telegraphone  with  a  telephone  are  shown 
in  Fig.  8.    A  switch  19  is  provided,  having  four  terminals  38,  39,  42, 
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and  43.  These  terminals  can  be  conneete*!  with  each  other  in  three 
different  ways  hy  means  of  a  switch.  In  the  {)osition  shown  in  tlic 
diagram,  the  two  terminals  3S  and  31)  are  connected  together.  This 
{x)sition  estahlishes  the  circuit  for  the  onlinary  use  of  (hf  tclcplione. 
The  two  (••uuluctors  .'{.')  ami  10  coiistitiitr  flic  «»iit;^)in^  and  incoming 
lines. 

H  the  switch  lever  is  so  adjustinl  as  to  connect  the  two  tenninahs 
3S  and  42,  the  instnnncnt  can  then  Ik*  u.s<'<1  as  an  ordinarj'  teleg- 
raphone,  an<l  the  transmitting  telephone  can  then  Ik*  used  inde{N'nd- 
ently  of  it.  This  will  l>e  easily  understood  hy  following  the  course  of 
the  current  when  the  tenninals  3S  and  42  are  cf)imecte<l.  Wlien  the 
suhscrilnT  lifts  his  nreiver  from  the  h<M>k,  a  current  will  jmss  thniugh 
the  secon<lary  of  the  induction  coil  /?;  the  electn)magnet  22  is  thus 
excite<l,  and  the  annature  attracted,  whereupon  a  weight  41  is  released 
ami  falls.  Hy  this  movement  a  connection  is  made  Ix^tween  the  con- 
tact l)l(X'k  2.S  anil  spring  29  wherehy  the  local  circuit  of  the  l>attery  E 
is  cIoschI  through  the  electromagnet  10  and  attracts  an  armature 
.so  that  the  .spring  motor  is  set  in  operation  and  the  U  (Fig.  7) 
rotate<l. 

The  sleeve,  which  has  been  resting  upon  the  pin,  begins  to  rise, 
and  the  connection  l)etween  the  contacts  49  (Fig.  7)  is  broken.  The 
ctmtact  23  conse<juenfly  exists  only  for  an  instant,  so  that  the  circuit 
fomiiMl  by  20,  21 ,  22,  23,  24,  and  2.")  is  ojx?n  during  the  operation  of 
the  spring  motor  and  mechanism. 

Now,  during  the  rist'  of  the  sleeve  and  while  the  electromagnet 
is  in  contact  with  the  steel  win*  r/,  as  pn'viously  descrilxHl,  the  sul>- 
scrilnT  can  sjK'ak  into  his  transmitter,  an<l  the  spirally-wouiul  wire 
will  acconlingly  Ik*  magneti/x*<l.  The  worrls  thus  reconhtl  can  now 
be  transmitted  over  the  line  by  using  the  thinl  coimection,  that  is, 
by  throwing  the  switch  19  on  the  terminals  42  and  43. 

As  an  illustnition,  if  the  nu-ssjigc  "Tlu*  subserilwr  is  not  at  home, 
but  will  n*turn  at  4  oVIiK'k"  is  nHnmhtl  on  the  sti-el  win*,  the  snl>- 
acriber  at  the  op|x>site  rn<l  «)f  the  line  will  hear  this  niessage  through 
his  rtifiver,  and  knows  that  in  onler  to  sjx-ak  with  the  subscriU'r 
he  must  <'all  >ip  agjiin  at  4  o'cl(M'k.  The  advantages  of  such  an  ar- 
rangement an*  of  course  perfi*<*tly  obvious. 

( )f  «'<nial  value  with  the  a|>plication  alnjve  descrilnd.  is  llir  use 
«>f   llir   trh'^niplutiir   in    n'conlini;  te'lrplionic  (•onv«T«^iliuii>  or  i-on- 
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tracts;  and  these  can  be  made  over  commercial  lines  of  any  lengtl: 
by  simply  pressing  a  button,  the  operation  in  no  way  interfering  with 
the  use  of  the  telephone.  In  this  way  the  chief  weakness  of  the  tele- 
phone as  a  means  of  communication — in  that  it  keeps  no  record — 
has  l>een  eliminated.  Applications  of  this  principle  to  telephonic 
train  dispatching,  so  that  the  order  of  the  dispatcher  would  be  recorded 
at  stations  along  the  road,  would  be  invaluable  in  checking  errors  and 
preventing  catastrophes.  Another  feature  that  is  likely  to  widen 
immensely  the  field  of  telephony,  is  the  possibility  of  utilizing  the 
teiegraphone  principle  in  a  telephone  repeater  when  trans-oceanic 
and  trans-continental  telephony  shall  have  been  realized. 

The  recording  of  IVIorse  telegraphic  signals  has  been  easily  and 
successfully  accomplished;  and  the  recording  of  signals  peculiar  to 
high-speed  telegraph  systems,  such  as  the  Delany,  is  not  only  possible 
but  thoroughly  practicable.  Also,  wireless  signals  and  conversations 
can  be  recorded  quite  as  easily  as  ordinary  speech  transmitted  over  a 
wire. 

Next  to  its  application  in  combination  with  the  telephone,  the 
most  extensive  use  of  the  teiegraphone  will  be  for  recording  dictation. 
An  instrument  has  been  constructed  which  makes  it  possible  for  a 
person  to  dictate  continuously  for  30  minutes;  and  the  typist  is  enabled 
afterward  to  hear  and  write  the  dictation  without  the  slightest  diffi- 
culty. 

Compared  with  the  commercial  phonogragh  now  in  use  for  this 
purpose,  the  teiegraphone  excels  in  that  the  person  who  is  dictating 
and  the  typist  who  is  writing  can  be  isolated  from  the  machine  at 
telephonic  distances;  moreover,  the  record  .material  can  be  used 
over  and  over  again,  as  against  repeatedly  shaving  the  cylinders; 
and  finally,  the  dictation  may  be  long  continued  without  having  to 
stop  to  change  cylinders. 

The  alx)ve  are  some  of  the  obvious  uses  to  which  the  teiegraphone 
readily  adapts  itself.  There  are,  however,  many  others,  and  when 
these  have  been  fulfilled,  this  instrument  will  mean  almost  as  much 
to  the  business  man  and  to  the  world  at  large  as  does  the  telephone 
itself. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia  nu- 
merous illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the 
various  methods  and  principles.  Accompanying 
these  are  examples  for  practice  which  will  aid  the 
reader  in  fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  larg"  num- 
ber of  test  questions  and  problems  which  afford  a 
valuable  means  of  testing  the  reader's  knowledge 
of  the  subjects  treated.  They  will  be  found  excel- 
lent practice  for  those  preparing  for  Ci\-il  Service 
Examinations.  In  some  cases  numerical  answers 
are  given  as  a  further  aid  in  this  work. 


REVIEW    QUESTIONS 

ON     THH     MirMaMOT     OK 

TELEPHONY. 

PART  I. 


1.  What  is  the  best  feature  iu  an  iiidaetion  coil,  clearnaea 
or  intensity  ? 

2.  Describe  the  nature  of  the  alternating  current. 

3.  Describe  by  means  of  a  diagram  the  action  of  a  Bell 
telephone. 

4.  Draw  the  circuit  of  a  bridging  telephone. 

5rt.  Why  cannot  the  transmitter  be  used  directly  on  the  line? 
Explain  fully. 

h.     llow  did  Edison  overcome  the  difficulty  ? 

6.  For  commercial  pur|K)ses  what  law  does  the  fluctuation  of 
current  follow  ? 

7.  What  are  the  actions  that  take  place  when  sound  is  tran8> 
niitted  by  the  electric  telephone  ? 

8.  What  is  a  simple  vibration?  Complete  vibration?  Ampli. 
tnde? 

0.  Draw  the  circuit  of  a  telephone  line  e<|uippe<l  with  four 
bridging  instrumeiit.s,  and  descrilje  fully  the  method  of  ojieration. 

10.  What  should  be  the  shape  and  resistance  of  the  coils  of 
a  receiver  ? 

11.  ■  In  an  induction  coil  10  cm  in  length  containing  50  turns 
of  wire  in  the  ])rinjary  winding,  how  many  lines  of  force  Krould  be 
produced  by  passing  a  current  of  .2  amjwre  if  |i.t=60. 

12'/.  What  limits  the  distance  over  which  sound  can  be  trans- 
mitttKi  by  the  liell  telephone  'i 

h.  What  instrument  was  devised  to  increase  this  limit,  and 
U]x>n  what  principh*  did  it  work  ? 

13.     What  is  the  resistance  of  a  series  bell  I 
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14.  Describe  the  "chloride"  storage  battery. 

15.  Sketch  and  describe  some  form  of  transmitter. 

16.  For  telephone  purposes  what  is  the  best  construction  for 
an  induction  coil  and  why  ? 

17.  Which  would  give  the  best  results,  a  transmitter  whose 
resistance  varied  from  10  to  5  ohms,  working  on  a  transmitter 
circuit  of  a  resistance  of  10  ohms;  or  the  same  working  on  a  circuit 
of  100  ohms,  the  current  in  both  cases  being  furnished  by  two 
Fuller  batteries?     Give  comparative  figures. 

18.  What  is  meant  by  magnetic  lag  and  how  does  it  affect 
an  induction  coil  ? 

19.  Give  wiring  diagrams  of  telephone. 

20.  What  is  meant  by  Pitch  ?     Intensity  ?     Character  ? 

21.  Draw  the  circuit  of  a  series  telephone. 

22.  Describe  the  automatic  shunt,  and  automatic  circuit 
closer,  and  give  the  reasons  for  their  use. 

23.  What  is  gained  by  having  the  permanent  field  stronger 
than  that  produced  by  the  induced  currents  in  the  coil  ? 

24.  Discuss  the  relative  merits  of  the  Gravity,  Fuller, 
Leclanche  and  dry  batteries,  for  use  with  transmitters. 

25.  What  is  meant  by  packing  ? 

26.  What  is  the  resistance  of  a  bridging  bell  ? 

27.  Sketch  and  describe  the  Edison  transmitter. 

28.  How  does  the  local  action  announce  itself  at  the  receiv- 
ing end  ? 

29.  What  limits  the  size  of  the  diaphragm  of  a  receiver  ? 

30.  In  the  City  of  New  York,  assuming  that  15  per  cent  of 
the  calls  sent  by  the  telephones  are  for  long  distance  points,  what 
form  of  cell  should  be  used  on  the  transmitter  batteries  ?     Why  ? 

31.  When  and  where  should  Gravity  batteries  be  used  ? 

32.  On  a  line  500  feet  long,  equipped  with  a  telephone  at 
each  end,  what  type  of  cell  should  be  used  on  the  transmitters  ? 

33.  What  should  be  the  thickness  of  the  diaphragm  of  a 
receiver  ? 

34.  When  should  Leclanche  batteries  be  usea  on  transmitter 
circuits  ? 

35.  Describe  the  styles  of  hook  switch  used  in  connection 
with  the  American  Bell  Telephone  Go's,  bridging  and  series  bell. 
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1.  Draw  the  diagram  of  a  pole  showing  the  typical  equip" 
ment. 

2.  How  are  telephones  classified  ? 

3.  How  should  poles  be  guyed  in  passing  through  hilly 
country  ? 

4.  What  is  meant  by  distribution  ? 

6.     Of  what  material  are  insulators  made? 

6.  Draw  a  standard  pin,  for  stiindard  and  terminal  cross- 
arm.  Also  draw  a  transposition  pin,  for  standard  and  terminal 
cross-arm. 

7.  What  is  a  terminal  cross-arm?     Give  drawing. 

8.  Draw  a  stxindard  pole. 

9.  Describe  fully  the  method  of  stringing  wires. 

10.  What  is  a  Mclntire  sleeve? 

11.  Give  a  t«ible  of  allowable  sag. 

12.  Describe  in  detail  the  method  of  setting  a  pole. 

13.  Is  a  pole  ever  placed  in  the  center  of  a  stream  ?     H  so, 
when? 

14.  What  is  a  cjible  line,  when  should  it  be  used,  and  what 
are  the  advantages  it  i>ossesses  ? 

15.  Describe  fully  the  method  of  placing  cross-arms,  giving 
diagrams. 

16.  Discuss  fully  the  relative  merits  of  iron,  copper,  an^ 
aluminum  for  use  in  the  manufacture  of  telephone  wire. 

17.  What  is  meant  by  an  oj>en-wire  line  ? 

18.  What  is  the  reiison  for  creosoting  wood? 

19.  Discuss  fully  the  subject  of  pole  fittings,  giving  du»> 
grams. 
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20.  What  precaution  must  be  taken  crossing  a  river? 

21.  What  is  a  Western-Union  splice? 

22.  How  are  calls  between  two  towns  best  handled  ? 

23.  What  points  must  be  observed  in  the  construction  of  a 
telephone  line? 

24.  I)escril)e  fully  the  method  of  fastening  cross-arms. 

25.  What  is  meant  by  back-guying,  side-guying,  a/id  head- 
guying? 

26.  In  going  through  hilly  country,  how  should  the  line  be 
graded  ? 

27.  What  is  the  difference  between  subscriber  lines,  trunk 
lines,  .and  toll  lines? 

28.  Why  is  it  not  possible  to  connect  all  telephones  in  a 
district  to  one  line  ?     Explain  fully. 

29.  What  is  the  minimum  allowable  height  of  the  lowest 
wire  al)Ove  the  ground? 

30.  What  kind  of  wood  has  supei-seded  cedar,  and  why  is  it 
used? 

31.  What  kind  of  a  splice  is   used  in    line  construction? 
Descril>e  fully. 

32.  How  should  guying  Ije  done  when  the  pole  is  equipped 
with  two  or  more  arms  ? 

33.  Discuss  fully  the  method  of  calculating  the  area  of  a 
wire  section  in  circular  mils. 

34.  When  are  back  braces  used,  and  how  are  they  placed? 

35.  Describe  fully  the  method  employed  in.  crossing  roads. 

36.  Describe  fully  the  manufacture  of  a  standard  cross-arm. 
Give  drawing. 

37.  What  advantage  is  gained  by  placing  the  guy  stub  near 
the  foot  of  the  pole?     Explain  this  point  fully. 

38.  What  is  meant  by  an  exchange,  and  how  is  it  used? 

39.  Draw  a  standard  insulator  and  a  transposition  insulator. 
Describe  fully. 
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1.  Explain  the  process  of  transposing  the  lines  of  a  tele- 
phone circuit. 

2.  What  is  a  drip  loop,  and  what  is  its  purpose? 

3.  What  precautions  should  be  taken  in  climbing  a  pole? 

4.  Describe  the  action  of  a  come-along. 

5.  What  is  a  chipping  knife?     Descrilje   its   use   with 
sketch  if  necessary, 

6.  How  does  the  4a  type  of  main  distributing  frame  differ 
from  the  4b  type? 

7.  About  how  far  apart  should  the   manholes   be   in   a 
subway  ? 

8.  Wliy  does  transposing  reduce  cross-talk  ? 

9.  Into  what  two  classes  may  rubber-insulated  cables  be 
divided? 

10.  Describe  the  most  approved  method  of  stringing  cable. 

11.  Describe  the  so-called  pump-log  tyi)e  of  duct. 

12.  What  is  a  spinning  jenny,  and  why  is  it  going  out  of 
use? 

13.  Without  referring  to   the  text  make  a  sketch  of  a 
scheme  for  transposition. 

14.  What  do  you  consider  a  good  method  of  fastening  a 
rope  to  the  end  of  a  cable  which  is  to  be  drawn  in  ? 

15.  What  are  test  points,  and  how  frequently  should  they 
be  placed  on  a  line  ? 
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16.  How  would  you  tell  when  paraffine  is  at  the  proper 
temperature  ? 

17.  What  is  a  jack  ? 

18.  Describe  a  method  of  numbering  the  conductors  enter- 
ing an  exchange. 

19.  Why  cannot  a  subway  be  continuous  from  start  to 
finish  ? 

20.  What  is  a  manhole  ?     Describe  with  sketch. 

21.  What  do  you  understand  by  a  cable  box?  Describe  its 
construction. 

22.  Describe  with  sketch  the  method  of  drawing  in  cables. 

23.  What  is  meant  by  cross-talk  ? 

24.  What  means  have  been  devised  for  supporting  the 
messenger  wire  of  an  aerial  cable  ? 

25.  Describe  with  sketch  the  effect  of  electrostatic  induc- 
tion on  a  telephone  wire  of  a  neighboring  wire  carrying  an  alter- 
nating current. 

26.  Which  do  you  consider  to  be  the  cause  of  cross-talk, 
electrostatic  or  electromagnetic  induction  ? 

27.  In  making  a  wiped  joint  what  precautions  should  be 
taken? 

28.  Describe  fully  the  effect  of  magnetic  induction  of  a 
wire  carrying  an  alternating  current  upon  a  neighboring  tele- 
phone wire. 

29.  How  did  the  Chinnock  and  Law  systems  differ? 

30.  What  are  the  advantages  and  disadvantages  of  under- 
ground cable  lines  ? 

31.  What  is  meant  by  a  pot  head? 

32.  What  is  the  usual  construction  of  a  submarine  cable  ? 

33.  Describe  with  sketch  the  wiring  of  a  test  pole. 

34.  In  laying  underground  cables,  why  was  it  necessary  to 
draw  them  into  some  form  of  duct? 

35.  Describe  the  mandrel  used  in  laying  ducts  for  under- 
ground cable  work. 

36.  How  does  a  clearing-out  drop  differ  from  a  line  drop  ? 
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1      What  is  meant  by  a  full  multiple  switchboard  ? 

2.  Why  were  primary  batteries  superseded  by  storage  bat 
teries? 

3.  How  are  calls  handled  in  a  standard  l)oard  ? 

4.  What  is  the  standard  potential  for  the  common  battery 
system  ? 

5.  What  are  stripping  trunks  and  how  are  they  used  ? 

6.  In  the  manufacture  of  switchboard  cables,  how  are  the 
wires  distinguished  ? 

7.  What  is  the  use  of  a  self- restoring  drop? 

8.  Of  what  two  classes  are  multiple  switchboanls  ? 

9.  Draw  and  descrilxj  the  operator's  cord  circuit. 

10.  What  is  meant  by  a  disconnect  signal? 

11.  How  is  a  cable  formed  ? 

12.  What  is  a  multiple  switchboard  ? 

13.  What  kind  of  a  drop  is  used  on  a  bridging  board  and 
how  is  it  wired  ? 

14.  What  are  circuit  trunks  ? 

15.  What  points  should  be  observed  in  soldering  wires  ? 

16.  Draw  and   describe   the    most   advanced    type  of  trunk 
between  bridging  boards. 

17.  What  is  the  use  of  the  condenser  in  the  subscriber  tele- 
phone? 

18.  What  are  the  two  types  of  switchboards  ? 
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19.  What  are  ring-down  trunks  ? 

20.  What  is  meant  by  the  common  battery  system  ? 

21.  Wliat  is  a  standard  switchboard  ? 

22.  What  piece  of  apparatus  was  brought  out  in  connection 
with  the  bridging  board  ? 

23.  What  two  types  of  power  apparatus  are  used  in  a  tele- 
plione  exchange  ? 

24.  What  is  gained  by  the  use  of  the  common  battery  system  ? 

25.  What  is  a  subdivided  multiple  board  and  what  advantages 
does  it  possess  ? 

26.  How  does  the  operator  make  use  of  the  busy  test  ? 

27.  What  are  the  requisites  of  a  charging  dynamotor  ? 

28.  What  is  gained  by  using  circuit  trunks? 

29.  How  was  transmission  carried  on  with  the  Stone  system? 

30.  Describe  fully  the  method  of  trunking  between  standard 
hoards. 

31.  What  is  meant  by  a  busy  test,  and  what  is  the  necessity 
of  it  ? 
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1.  Wliat  two  types  of  circuit  have  been  devised  to  overcome 
ihe  click  lieard  in  the  ear  when  the  ojRjrator  answers  a  call  i 

2.  Why  are  oiittroin^  local  trunks  and  toll  trunks  multiplied 
every  five  panels  in  the  toll  board  ?     Explain  the  point  fully. 

3.  "What  three  classes  of  lioards  are  used  in  a  long-distance 
office? 

4.  "What  is  meant  by  shunting  out  a  lamp  ? 

5.  What  are  the  duties  of  the  recording  o|)erator  ? 

0.  T)e8cril)e  fully  the  method  of  handling  a  call  l)etween  two 
subscribers  whose  lines  are  in  the  same  exchange  both  with  the 
magneto  and  with  the  common  battery  system. 

7.  What  are  the  duties  of  a  supervisor  ? 

8.  De8cril>e  fully  the  method  of  handling  a  call  with  the 
common  battery  system. 

\K     What  two  purposes  are  toll  Ixiards  used  for  ? 

10.  What  is  meant  by  operating? 

11.  IIow  many  kinds  of  service  do  telephone  comjMinies  give 
and  what  are  they  ( 

12.  What  three  classes  of  calls  arc  liandle^l  in  a  long-distance 
exoJiange  i 

13.  Dfscrilte  the  methtid   followe<l   in  putting  a  call  tlirnngh 
the  reconling  Iniard. 

14.  l>raw  and  descrilto  fully  a  trunk  from  n   magneto  to  a 
common  Imtter^'  office. 
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15.  What  is  the  nature  of  the  business  done  by  the  Long. 
Distance  Company  ? 

16.  How  is  the  force  in  a  telephone  exchange  made  up  ? 

17.  In  connection  with  what  classes  of  calls  are  tickets  usedi 

18.  What  is  meant  by  a  "  lost  call",  and  how  can  the  percent- 
age of  lost  calls  be  reduced  ? 

19.  What  is  the  trunk  line  relay  ? 

20.  Why  are  not  subscribers'  lines  multiplied  every  five  panels 
in  the  subscriber  board  ? 

21.  What  are  the  duties  of  the  monitor  ? 

22.  What  is  meant  by  the  tandem  trunk  method  ? 

23.  On  all  trunks  from  local  battery  to  common  battery  ex- 
changes, what  is  the  method  usexi  at  the  sending  end,  to  properly 
work  the  signal  at  the  incoming  end  ? 

24.  What  is  the  circuit  trunk  equipment  of  a  toll  board  ? 

25.  How  would  a  call  from  Washington  to  Boston  be  put 
through  New  York  ? 

26.  What  are  the  duties  of  the  manager  ? 

27.  What  point  is  gained  in  a  trunk  between  two  common 
battery  exchanges  ? 

28.  Are  busy  visuals  used  on  circuit  trunks  ?  Give  the 
reasons  fully. 

20.  What  are  the  duties  of  the  chief  operator  ?  Explain  this 
point  fully. 

30.     How  are  the  hours  of  the  operators  arranged,  and  why  ? 
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1.  What  did  Pupin's  discovery  coiusist  of? 

2.  What  general  plan  is  foHowed  hy  the  wire  chief  in 
making  tests  ? 

8.     How  do  the  subscribers  call  the  o|)erator  ? 

4.  What  two  forces  of  men  are  occupied  in  the  work  of 
cable  maintenance  ? 

5.  If  the  wire  chief  should  receive  a  report  that  the  operator 
X)uld  not  T\ni:f  a  subscriber,  but  that  conversation  could  be  carried 
on  over  the  line,  what  kind  of  trouble  would  he  exptnit  to  find 
and  how  would  he  make  his  test  ? 

0.  What  analogy  exists  between  the  transmission  of  wave 
motion  over  a  cord,  and  the  transmission  of  electrical  wave  motion 
over  a  conductor  ? 

7.  In  regard  to  a  private  branch  exchange  what  is  meant 
by  a  trunk  ? 

8.  What  are  the  Murray  and  Varley  loop  tests  and  when 
are  they  used  ? 

9.  What  is  meant  by  the  term  "  party  line  "  ? 

10.  How  are  load  coils  connected  to  a  line  ? 

11.  How  can  you  determine  with  the  voltmeter,  the  presence 
of  a  ground  ? 

12.  Describe  in  detail  the  nature  of  the  tests  used  by  the 
galvanometer  man  in  determining  the  capacity  and  insulation 
resistance  of  a  cable. 

13.  What  is  meant  by  "load  coils"  f 

14.  What  two  types  of  private  branch  exchange  switchboards 
are  there  I 
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15.  What  is  the  best  type  of  galvanometer  for  the  use  of  the 
galvanometer  man  'i 

16.  How  are  beat  coils  tested  ? 

17.  Define  capacity  reaction,  inductance  reaction,  and  re- 
Bistance  reaction. 

18.  What  points  limit  the  number  of  instruments  that  can  be 
Buccessfully  operated  on  one  line  ? 

19.  How  does  the  galvanometer  man  proceed  in  locating 
trouble  ? 

20.  What  three  reactions  are  set  up  in  a  circuit  over  which 
an  alternating  current  is  flowing  ? 

21.  How  is  a  ground  in  the  multiple  located  ? 

22.  What  does  the  work  of  the  galvanometer  man  consist  of  1 

23.  Suppose  that  a  kite  tail  fell  across  the  two  conductors  of 
an  open-wire  line,  on  a  foggy  day,  what  would  be  the  nature  of  the 
trouble  caused  ?     Give  reasons  for  your  decision. 

24.  How  is  a  cross  detected  and  how  is  it  located  ?  Describe 
fully  the  method  of  testing. 

25.  What  is  a  private  branch  exchange  ? 

2G.     Describe  in  detail  the  method  of  locating  an  open. 
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1.  Explain  ibe  distinction  between  a  connector  and  a  se 
lector. 

2.  If  the  station  called  is  bnsy,  bow  is  tbe  connector  pre- 
venteil  from  making;  final  connection? 

3.  What  is  meant  by  tbe  term  "private"  as  used  in  connet- 
tion  witb  \Nij)ers  and  banks  in  automatic  telepbony? 

4.  Witbout  referring  to  tbe  book  draw  a  figure  sbowing  a 
diagram  of  tbe  talking  circuit. 

5.  Wbat  is  meant  by  a  tbree-digit  excbange? 

G.     Wbat  are  tbe  distinguishing  features  of  tbe  bridge  cut- 
off system? 

7.  Describe  witb  sketch  Bell's  apparatus  for  telephoning 
ujx)n  a  beam  of  light  witbout  wires. 

8.  Define  tbe  meaning  of  tbe  term  Hevel"  as  used  in  auto- 
matic  telephony. 

9.  Wbat  is  tbe  difference  between  manaal,  automatic  and 
semi-automatic  systems? 

10.  Describe  in  detail  tbe  purpose  of  tbe  impulse  spring  in 
the  subscriber's  set. 

11.  State  tbe  operations  which  take  place  if  subscriber  115 
calls  subscriljer  271  referring  to  Fig.  2A. 

12.  Wbat  is  tbe  object  of  tbe  condenser  in  connection  witb 
tbe  speaking  arc? 

13.  Describe  tbe  method  of  numbering  a  bank. 

14.  How  is  tbe  connection  released  after  a  conversation? 

15.  Explain  the  difference   between  a  vertical    line  and   a 
rotary  line. 
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In  this  index  the  Volume  number  appears  in  Roman  numerals  thus, 
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Anti-coherers                                              I.  344 
Aperiodic  galvanometer                       III,  19 
Apparent  watts                                      V,  48 
Arc  lamps                                               III,  136 
carbons  for                                   III,  145 
efficiency                                         III,  145 
electric  arc                                    III,  136 
flamlhg  arc                                      III,  146 
Intensity  constants  for                  III,  163 
mechanisms                                    III,  137 
carlxjn-feed                           III,  l^l 
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Armature  conductors  II,  105,  184" 

Armature  inductance  V,  94 
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Armature  losses  II,  131 

Armature  reaction  V,  92 

effect  of  II,  266 

in  motor  II,  2G0 

Armature  resistance  II,  123 

Armature  shafts  II.  140 

Armature  spider  spokes  II,  142 
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pitch  of  winding  II,  108 
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winding  formulae  II.  124 
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classification  II.  105 
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Armored  conduit                                       I.  123 
Arrester                                                  VI.  178 
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Battery  resistance,  measurement  of    III.  47 

Mance's  method  III.  4» 

voltmeter  method  III.  47 

Bearings  of  railway  motors  III,  213 

ne<i-plates  II.  203 

Berliner  transmitter  VI.  45 

Bell  telephone  VI.  37 

Belting  IV,  16 

Bichromate  cell  I.  51 

BIjur  high-duty  i>altery  IV.  263 

Bipolar  fleid  magnet  II.  85 

Blake  transmitter  VI.  44 

Block  cables  VI.  167 

Block  signals  for  cle«-trlc  railways      III.  308 

Block  8>'8t cm  of  distribution  VI.  167 

Ik)tler  foundations  IV.  146 
BoUer  trials                                        IV.  351-356 

Boilers  IV,  134 
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Bond  testing  III.  334 
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Brown  &  Sharpe  gauge                         VI,  107 
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Buckling                                                  IV,  291 

Bull  system  of  wireless  telegraphy        I,  363 
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ballistic  galvanometer  III,  63 
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III. 

243 

Central  station  design 
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282 
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245 
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III. 

203 
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22 
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244 
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29 
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III. 

252 
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IV. 

269 
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243 
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419 

Car  heaters 
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electric 
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alternating-current 
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III. 
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battery 
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electric  bell 
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27 
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bichromate 

I. 

51 

induction 

VI.  35.  48 

combination  of 

I. 

53 

loading 

VI. 
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Core-bodies 

II. 

177 

ipiiKt  h 

11. 

208 

Core  loss  of  alternator 

V. 

186 

armature  conductors,  num- 

Core  loss  test  of  induction  motor 
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chemical  method  of  measuring 

I. 

57 

of  electricity 

I. 

81 

measurement  of 
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80 

Ohm's  law  for 

I. 

95 

Current  leakage  * 

III. 

295 

Current  measurement 

III. 

57 

ammeters 

III. 

57 

electrodynamometers 

III. 

57 

Current  relations  of  rotary  converter   V, 

296 

Current  required  by  motors 

II, 

255 

Current  transformer 

V. 
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Curtis  steam  turbine 

IV. 
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Curves  of  magnetization 

II. 

19 

Cut-out  panel 

I, 
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Cut-outs 

IV, 

28 

Cycle,  definition  of 

V, 

13 
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Damping  of  vibrations  III,  19 
Daniell  cell  I.  52 
D'Arsonval  galvanometer  VI.  339 
Dashpot  II.  381 
Dead -ended  VI,  119 
Dead  man  VI,  102 
Dead  turns  II.  67 
Declination  I,  19 
De-coherer  I,  346 
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Defective  welds  II,  335 
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self-compensating  armatures  II,  05 
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loi-ating  faults 

III. 

46 

Safety  governor 

11. 

390 
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